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ABSTRACT
Observing the Impact of an Engineering-Based Unit of Instruction on 6th Grade
Students’ Attitudes Towards Engineering as They
Engage in Building Electric Bikes
Gregg Allred Olsen
School of Technology, BYU
Master of Science
In the past few decades, science, technology, engineering, and math (STEM) education
has become a driving force for innovators throughout the world (Atkinson & Mayo, 2010;
Bybee, 2010). STEM education has also become an economic factor in developing countries
(Kennedy & Odell, 2014). Currently, many countries are struggling with how to effectively
promote STEM education. The United States (U.S.) provides an interesting case study. Despite
being one of the global economic leaders, it is behind in STEM education compared to other
nations (Atkinson & Mayo, 2010; Dugger, 2010). STEM education helps to build world leaders
including marketable and knowledgeable employees because it teaches and exposes students to
problems in the real world, especially in their community (Brown, Brown, Reardon, & Merrill,
2011; Gomez & Albrecht, 2013). Accordingly, the purpose of this study was to answer the
question: how does designing and implementing an engineering-based unit of instruction impact
student attitudes toward engineering for 6th graders? The method for implementing more
engineering consisted of teaching a unit based around mechanical engineering, civil engineering,
city planning, and public health to 6th graders. The heart of the unit was an activity that allowed
the students to make electric bikes by engaging in the engineering processes of hands-on learning
and problem-solving, while evaluating transportation to and from school. The data was collected
using two methods. The first used a survey instrument called the Technology and Engineering
Attitudes Scale (TEAS), the second method involved observing and interviewing the
participants. The results reveal that student interest in engineering increased after participating in
the study. Another key finding is that with more engineering experience, student confidence for
problem-solving and engineering activities increased.

Keywords: STEM, education, engineering, attitudes, electric bikes, TEAS

ACKNOWLEDGEMENTS
I wish to show my gratitude to my adviser, Dr. Geoffrey Wright, for guiding me and
providing much encouragement and motivation throughout this journey. He provided me with
the skills and tools that immensely directed my research and analysis.
I would especially like to express my appreciation to my wife, Rebecca, who has rallied
with me for long hours and many late nights. Her input has been invaluable. I am also grateful
for the love and support of my family who have constantly encouraged and helped me believe in
my own abilities.

TABLE OF CONTENTS

LIST OF TABLES ........................................................................................................................ vii
LIST OF FIGURES ....................................................................................................................... ix
1

Introduction ............................................................................................................................. 1
The Push for STEM.......................................................................................................... 1
Statement of the Problem ................................................................................................. 3
Research Questions .......................................................................................................... 3
Method for Data Collection.............................................................................................. 4
Method of Data Analysis.................................................................................................. 5

2

Literature Review .................................................................................................................... 6
The Growth of Engineering in Education ........................................................................ 6
Understanding Student Limits in Learning Engineering.................................................. 7
Excitement of Engineering ............................................................................................... 8
Four Principles for Productive Engagement .................................................................... 8
Measuring Student Attitudes ............................................................................................ 9

3

Discussion of Research Method ............................................................................................ 11
Mixed Methods Data Analysis ....................................................................................... 11
3.1.1

Hypothesis............................................................................................................... 11

Quantitative Data............................................................................................................ 12
3.2.1

Development of Instrument .................................................................................... 12

3.2.2

Administration of Instrument & Engineering Unit ................................................. 12

3.2.3

Themes and Likert Scale Values............................................................................. 13

3.2.4

Independent t-Test and Effect Size ......................................................................... 17

Qualitative ...................................................................................................................... 19
3.3.1

Class Visits – Field Notes ....................................................................................... 19

3.3.2

Focus Group Interview ........................................................................................... 20

Participants ..................................................................................................................... 20
Researchers..................................................................................................................... 21
Confidentiality................................................................................................................ 21
Informed Consent ........................................................................................................... 22
Validity and Reliability of Methods ............................................................................... 22
4

Data & Results ....................................................................................................................... 23
Findings .......................................................................................................................... 23
iv

Quantitative Data – Pre/Post TEAS Survey ................................................................... 23
4.2.1

Engineering Learning Interest................................................................................. 25

4.2.1.1

Pre-TEAS Item 1 ............................................................................................................. 25

4.2.1.2

Post-TEAS Item 1 ........................................................................................................... 27

4.2.1.3

Pre-TEAS Item 12 ........................................................................................................... 29

4.2.1.4

Post-TEAS Item 12 ......................................................................................................... 30

4.2.1.5

Pre-TEAS Item 14 ........................................................................................................... 32

4.2.1.6

Post-TEAS Item 14 ......................................................................................................... 33

4.2.1.7

Pre-TEAS Item 18 ........................................................................................................... 35

4.2.1.8

Post-TEAS Item 18 ......................................................................................................... 36

4.2.2

Engineering Career Interest .................................................................................... 38

4.2.2.1

Pre-TEAS Item 10 ........................................................................................................... 38

4.2.2.2

Post-TEAS Item 10 ......................................................................................................... 40

4.2.2.3

Pre-TEAS Item 13 ........................................................................................................... 41

4.2.2.4

Post-TEAS Item 13 ......................................................................................................... 43

4.2.3

Importance of Contribution to Society ................................................................... 45

4.2.3.1

Pre-TEAS Item 24 ........................................................................................................... 45

4.2.3.2

Post-TEAS Item 24 ......................................................................................................... 46

4.2.4

Multidisciplinary Relationships .............................................................................. 48

4.2.4.1

Pre-TEAS Item 25 ........................................................................................................... 48

4.2.4.2

Post-TEAS Item 25 ......................................................................................................... 50

4.2.5

Problem Solving Connection .................................................................................. 51

4.2.5.1

Pre-TEAS Item 28 ........................................................................................................... 52

4.2.5.2

Post-TEAS Item 28 ......................................................................................................... 53

4.2.6

Problem Solving Difficulty ..................................................................................... 55

4.2.6.1

Pre-TEAS Item 9 ............................................................................................................. 55

4.2.6.2

Post-TEAS Item 9 ........................................................................................................... 56

4.2.6.3

Pre-TEAS Item 20 ........................................................................................................... 58

4.2.6.4

Post-TEAS Item 20 ......................................................................................................... 59

4.2.6.5

Pre-TEAS Item 23 ........................................................................................................... 61

4.2.6.6

Post-TEAS Item 23 ......................................................................................................... 62

4.2.7

Engineering Difficulty ............................................................................................ 64

4.2.7.1

Pre-TEAS Item 29 ........................................................................................................... 64

4.2.7.2

Post-TEAS Item 29 ......................................................................................................... 66

4.2.8

Total Pre-TEAS Score ............................................................................................ 67

4.2.9

Total Post-TEAS Score ........................................................................................... 69
v

Qualitative Data – Observational Field Notes & Focus Group Interview ..................... 70

5

4.3.1

Engineering Learning Interest................................................................................. 70

4.3.2

Engineering Career Interest .................................................................................... 72

4.3.3

Importance of Contribution to Society ................................................................... 72

4.3.4

Multidisciplinary Relationships .............................................................................. 74

4.3.5

Problem Solving Connection .................................................................................. 75

4.3.6

Problem Solving Confidence .................................................................................. 78

4.3.7

Engineering Difficulty ............................................................................................ 79

Conclusions ........................................................................................................................... 80
Summary of the Research Question ............................................................................... 80
5.1.1

Engineering Learning Interest................................................................................. 81

5.1.2

Engineering Career Interest .................................................................................... 82

5.1.3

Importance of Contribution to Society ................................................................... 82

5.1.4

Multidisciplinary Relationships .............................................................................. 83

5.1.5

Problem-Solving Connection .................................................................................. 83

5.1.6

Problem-Solving Confidence .................................................................................. 84

5.1.7

Engineering Difficulty ............................................................................................ 85

Credibility of Study ........................................................................................................ 85
Limitations & Delimitations........................................................................................... 86
5.3.1

Limitations .............................................................................................................. 86

5.3.2

Delimitation ............................................................................................................ 87

Recommendations .......................................................................................................... 88
Contributions .................................................................................................................. 89
References ..................................................................................................................................... 90
Appendix A.

Day 1 – Simple Machines ................................................................................... 93

Appendix B.

Day 2 – Power and Energy.................................................................................. 99

Appendix C.

Day 3 – Building the Electric Bikes .................................................................. 105

Appendix D.

Day 4 – Healthy Living ..................................................................................... 108

Appendix E.

Day 5 – Safety ................................................................................................... 114

Appendix F.

Day 6 – Civil Engineering & City Planning ..................................................... 116

Appendix G.

Day 7 – Civil Engineering & City Planning ..................................................... 121

Appendix H.

Focus Group Interview ...................................................................................... 125

Appendix I.

Day 9 – Presentation to the Mayor .................................................................... 129

vi

LIST OF TABLES
Table 3.1 Likert Scale Values for the TEAS ................................................................................ 16
Table 4.1: Quantitative Data Summary ........................................................................................ 24
Table 4.2: Pre-TEAS Item 1 Means .............................................................................................. 26
Table 4.3: Pre-TEAS Item 1 t-Test ............................................................................................... 26
Table 4.4: Post-TEAS Item 1 Means ............................................................................................ 28
Table 4.5: Post-TEAS Item 1 t-Test ............................................................................................. 29
Table 4.6: Pre-TEAS Item 12 Means ............................................................................................ 29
Table 4.7: Pre-TEAS Item 12 t-Test ............................................................................................. 30
Table 4.8: Post-TEAS Item 12 Means .......................................................................................... 31
Table 4.9: Post-TEAS Item 12 t-Test ........................................................................................... 31
Table 4.10: Pre-TEAS Item 14 Means .......................................................................................... 32
Table 4.11: Pre-TEAS Item 14 t-Test ........................................................................................... 33
Table 4.12: Post-TEAS Item 14 Means ........................................................................................ 34
Table 4.13: Post-TEAS Item 14 t-Test ......................................................................................... 35
Table 4.14: Pre-TEAS Item 18 Means .......................................................................................... 35
Table 4.15: Pre-TEAS Item 18 t-Test ........................................................................................... 36
Table 4.16: Post-TEAS Item 18 Means ........................................................................................ 37
Table 4.17: Post-TEAS Item 18 t-Test ......................................................................................... 38
Table 4.18: Pre-TEAS Item 10 Means .......................................................................................... 39
Table 4.19: Pre-TEAS Item 10 t-Test ........................................................................................... 39
Table 4.20: Post-TEAS Item 10 Means ........................................................................................ 40
Table 4.21: Post-TEAS Item 10 t-Test ......................................................................................... 41
Table 4.22: Pre-TEAS Item 13 Means .......................................................................................... 42
Table 4.23: Pre-TEAS Item 18 t-Test ........................................................................................... 42
Table 4.24: Post-TEAS Item 13 Means ........................................................................................ 43
Table 4.25: Post-TEAS Item 13 t-Test ......................................................................................... 44
Table 4.26: Pre-TEAS Item 24 Means .......................................................................................... 45
Table 4.27: Pre-TEAS Item 24 t-Test ........................................................................................... 46
Table 4.28: Post-TEAS Item 24 Means ........................................................................................ 47
Table 4.29: Post-TEAS Item 24 t-Test ......................................................................................... 47
Table 4.30: Pre-TEAS Item 25 Means .......................................................................................... 49
Table 4.31: Pre-TEAS Item 25 t-Test ........................................................................................... 49

vii

Table 4.32: Post-TEAS Item 25 Means ........................................................................................ 50
Table 4.33: Post-TEAS Item 25 t-Test ......................................................................................... 51
Table 4.34: Pre-TEAS Item 28 Means .......................................................................................... 52
Table 4.35: Pre-TEAS Item 28 t-Test ........................................................................................... 53
Table 4.36: Post-TEAS Item 28 Means ........................................................................................ 54
Table 4.37: Post-TEAS Item 28 t-Test ......................................................................................... 54
Table 4.38: Pre-TEAS Item 9 Means ............................................................................................ 55
Table 4.39: Pre-TEAS Item 9 t-Test ............................................................................................. 56
Table 4.40: Post-TEAS Item 9 Means .......................................................................................... 57
Table 4.41: Post-TEAS Item 9 t-Test ........................................................................................... 57
Table 4.42: Pre-TEAS Item 20 Means .......................................................................................... 58
Table 4.43: Pre-TEAS Item 20 t-Test ........................................................................................... 59
Table 4.44: Post-TEAS Item 20 Means ........................................................................................ 60
Table 4.45: Post-TEAS Item 20 t-Test ......................................................................................... 61
Table 4.46: Pre-TEAS Item 23 Means .......................................................................................... 61
Table 4.47: Pre-TEAS Item 23 t-Test ........................................................................................... 62
Table 4.48: Post-TEAS Item 23 Means ........................................................................................ 63
Table 4.49: Post-TEAS Item 23 t-Test ......................................................................................... 64
Table 4.50: Pre-TEAS Item 29 Means .......................................................................................... 65
Table 4.51: Pre-TEAS Item 29 t-Test ........................................................................................... 65
Table 4.52: Post-TEAS Item 29 Means ........................................................................................ 66
Table 4.53: Post-TEAS Item 29 t-Test ......................................................................................... 67
Table 4.54: Pre-TEAS Total Score Means ................................................................................... 68
Table 4.55: Pre-TEAS Total Score t-Test ..................................................................................... 68
Table 4.56: Post-TEAS Total Score Means .................................................................................. 69
Table 4.57: Post-TEAS Total Score t-Test ................................................................................... 70
Table 5.1: Percentage of Respondents for the Analyzed TEAS Items ......................................... 88

viii

LIST OF FIGURES
Figure 3.1: 9-Day Schedule of Instruction .................................................................................... 13
Figure 3.2: TEAS Survey Items .................................................................................................... 15
Figure 3.3: Example of the TEAS Format .................................................................................... 16
Figure 3.6: Variables for Effect Size Equation ............................................................................. 18
Figure 3.7: Strength and Percentile of Effect Size........................................................................ 18

ix

1

INTRODUCTION

The Push for STEM
In the past few decades, science, technology, engineering, and math (STEM) education
has become a driving force for innovators throughout the world (Atkinson & Mayo, 2010;
Bybee, 2010; Hossain, 2012). STEM education has also become an economic factor in
developing countries (Kennedy & Odell, 2014). Currently, many countries are struggling with
how to effectively promote STEM education. The United States (U.S.) provides an interesting
case study. Despite being one of the global economic leaders, it is behind in STEM education
compared to other nations (Atkinson & Mayo, 2010; Dugger, 2010). In 2014, the growth of
STEM education student population in Europe was at 2%, while Asia led at 20%. The need to
push STEM education in public education is great for influencing students to develop as the next
generation of innovators (Hossain, 2012). It was proposed that STEM education be reformed for
K-12 in the U.S. to cultivate a new generation of skilled scientists, technicians, engineers, and
educators in science and math (Kennedy & Odell, 2014). On a national level, the U.S.
government issued a STEM Strategic Plan in December 2018 for the five years following to
focus on providing “high-quality STEM education” to all Americans, as well as the US
becoming “the global leader in STEM literacy, innovation, and employment,” (U.S. Department
of Education Advances Trump Administration's STEM Investment Priorities, 2019) The objective
or goal in promoting STEM education is to provide the US and other countries with more
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technology and engineering leaders in colleges and universities as well as strengthening
leadership in the workforce, the economy, and the young developing innovators who will soon
make contributions (Brown, 2011; Dugger, 2010; Hossain, 2012; Kennedy & Odell, 2014).
STEM education helps to build world leaders including marketable and knowledgeable
employees because it teaches and exposes students to problems in the real world, especially in
their community (Brown, Brown, Reardon, & Merrill, 2011; Gomez & Albrecht, 2013). The goal
is to integrate two, three, or all four of the disciplines within STEM education to find solutions to
meaningful problems (English, 2016; Kennedy & Odell, 2014). For many years, the STEM
education disciplines have been taught separately, focusing solely on content specific principles
of knowledge with no direct application. However, research has shown that isolation of the
STEM education disciplines does not prove to be as effective in learning (English, 2016). When
it is possible to integrate these disciplines, the quality of learning from the integration can pass
the limits of the quality of learning from the four disciplines being emphasized on their own.
Engineering experiences and especially mathematics in Elementary education needs further
attention to become a more recognized part of the curriculum (Bybee, 2010; English, 2015;
Strimel & Grubbs, 2016). The focus of this research is specifically based on engineering
experiences at the Elementary level with 6th grade students.
When provided with real-life problems, students can use the concepts they learn in a
meaningful way. Problematizing the content allows for “opportunities for encouraging students
to generate questions proposals, and challenges in order to make sense of concepts, rather than
assimilating concepts and facts” (Ayar, 2015, p. 1660). These efforts to use STEM education to
solve real-world problems will bring a zeal for learning in such a way that the students will “seek
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out the facts and remember them long after the problem has been solved” (Gomez & Albrecht,
2013, p. 14).

Statement of the Problem
The integration of engineering experiences is crucially important because it can
“contextualize mathematics and science principles to enhance achievement, motivation, and
problem solving (English, 2015, p. 2). Both engineering in education and industry concur with
this definition stating: “[engineering is the] knowledge of the mathematical and natural sciences
gained by study, experience, and practice… applied with judgment to develop ways to utilize
economically the materials and forces of nature for the benefit of mankind” (ABET, 2005).
Engineering is also the process by which technology is designed (Donna, 2012). Engineering
places emphasis on the process and design of solutions. It is also the method that students utilize
for discovery, exploration, and problem-solving (Mann, Man, Strutz, Duncan, & Yoon 2011).
Policymakers have been seeking better ways to implement engineering into the curriculum for
helping students on all levels from K-12 in public education to learn and develop these skills at
earlier stages in life, correspondingly, they have suggested adding an appropriate level of
technology and engineering activities within STEM education (Bybee, 2010, p. 31). The problem
is that there is limited research completed on the topic of engineering in younger grades (English,
2015, p. 4).

Research Questions
Giving more attention and presence to the discipline of engineering within K-6 programs
is the current challenge of U.S. education (Bybee, 2010; English, 2015; Strimel & Grubbs,
2016). Accordingly, the purpose of this study was to answer the question: how does designing
3

and implementing an engineering-based unit of instruction impact student attitudes toward
engineering for 6th graders?
For the purpose of this study, attitude will be defined as an inclusionary term. It includes
perceptions of and inclinations towards engineering. For example, in this study, the researchers
investigated the students’ confidence for solving problems as well as the student perceptions of
the connection between engineering and problem-solving, which are evidence of student
perceptions of engineering. Therefore, these perceptions and inclinations fall under the definition
of attitudes towards engineering previously stated.
Engineering in this context is defined as hands-on and inquiry-based activities. The
engineering activities involved physics such as simple machines and understanding power and
energy, public health (safety and wellness), mechanical and civil engineering, and city planning.

Method for Data Collection
The data was collected using two methods. The first method was quantitative. A survey
instrument called the Technology and Engineering Attitudes Scale (TEAS), was administered to
the students in both treatment and control groups two times, once as a pre-survey a week before
the treatment class was exposed to more engineering activities, and post-survey administered
following the engineering activities implementation. The TEAS has been reviewed by research
experts and used in one other study (Cook, 2009; Wright, 2018). The second method of data
collection was qualitative. Field notes and observations were taken of the students and teachers
during each day the engineering unit was taught. A focus group interview was organized and
conducted at the end of the engineering activities. Both the focus group interview and
observational field notes were used as reference points to help triangulate the results from the
study to find evidence for a change in attitudes towards engineering (Creswell, pg. 266, 2008).
4

Method of Data Analysis
Responses from the TEAS survey were collected and analyzed with a t-test to determine
statistical significance, and a standardized mean difference (SMD) effect size helped to
determine practical significance of the differences in the survey responses pertaining to the
students’ attitude towards engineering. The data were analyzed by each pre-survey and postsurvey response, and by the responses from the students in the treatment group in relation to the
responses of the students in the control groups. The statistical significance shows the probability
of a result if the null hypothesis is true. The practical significance given by the effect size is a
measure of the magnitude of the difference between the treatment and control group means
within their respective distributions in terms of a standard deviation.
The field notes and the focus group interviews were analyzed for themes and observed
clues demonstrating that student attitudes towards engineering went through some change.

5

2

LITERATURE REVIEW

The Growth of Engineering in Education
One example of increased engineering in education is the United States Department of
Education (DOE) investing more than $500 million within one year of issuing their STEM
Strategic Plan in December 2018 (U.S. Department of Education Advances Trump
Administration's STEM Investment Priorities, 2019). According to the DOE, “its National
Laboratories and other facilities engage over 250,000 K-12 students a year through programs that
range from direct classroom instruction in STEM and instructional materials to STEM
demonstrations” (Office of Science and Technology Policy, 2019, p. 7-8). Other examples of
increased efforts to bring engineering into education include a study of 4th graders practicing
aerospace science and engineering in Australia, and a robotics summer camp experience in
Turkey, observing how students interact with the Engineering Design Process (EDP) in a setting
outside of the classroom (English, 2015; Ayar, 2015). The Engineering Design Process is one
dimension of classroom instruction that teachers are focusing on even more. The Engineering
Design Process (EDP) is a cyclical process of asking a question, imagining a way to work
through it, planning the approach, creating something to solve the problem, and then improving
the solution and creation. The EDP promotes questioning and inquiry, which then leads to the
capacity to reason (Dym, C. L., Agogino, A. M., Eris, O., Frey, D. D., & Leifer, L. J., 2006).
With the intent to promote more EDP in the classroom, many educators have attended
6

professional development trainings to better understand the authentic work of engineers and their
design cycles. In order to support learning of concepts and processes, educators have studied
them from various domains including how to implement design-based pedagogy in different
phases of instruction (Donna, 2012, p. 2).

Understanding Student Limits in Learning Engineering
Research about STEM education was performed with 4th grade students at five schools in
Queensland, Australia (two private schools and three non-private). During a three-year
longitudinal study, these students showed that they could apply knowledge from other disciplines
and topics such as aerospace engineering. The study demonstrated that when students are given
context, teacher scaffolding, and well-structured engineering experiences, they had the capacity
to engage in engineering design processes at a 4th grade level (English, 2015, p. 15). Lev S.
Vygotsky and Michael Cole (1978) referred to this capacity as the zone of proximal
development. He described it as “the distance between actual developmental level as determined
by independent problem solving and the level of potential development as determined through
problem solving under adult guidance or in collaboration with more capable peers” (p. 39).
From a constructivist point of view, Michael Prince and Richard Felder said that
“students should not be forced out of their zone of proximal development… they should … be
directed to continually revisit critical concepts improving their cognitive models with each
visit…” (Prince & Felder, 2006, p. 125). Jerome Bruner (1977) taught that any subject can be
taught to a child if it is revisited regularly, digging deeper each time; this was termed “spiral
curriculum.” When instruction is given, development as well as learning is a desired outcome.
As students take responsibility for their own learning, they become more independent of their
instructor, and they evolve to become self-learners (Prince & Felder, 2006).
7

Excitement of Engineering
Experiences in engineering have helped young students to develop appreciation and
understanding for engineering in their communities (English, 2015). A study from the Center for
Engineering Educational Outreach (CEEO) at Tufts University has been working with schools
in the State of Massachusetts for 15 years to establish an engineering standard in K-12 public
education. CEEO worked with younger grades and read books to them that would help them be
curious and inventive, such as The Lorax by Dr. Seuss. To help feed the students’ curiosity, they
were then taught some basic engineering methods and skills. The students were instructed to
write 10-minute scripts about the book, followed by a Lego creation of their scripts. Students
were excited enough about the small-scale engineering to continue building their Legos during
recess. Some students applied the engineering principles, reporting they had helped younger
siblings with homework, while some students went home and involved their parents in the
engineering process (Rogers & Portsmore, 2004). This research shows different ways that
students’ attitudes towards engineering improved as well as behaviors suggesting increased
excitement about engineering. Teachers love to see their students get excited about learning, but
the traditional classroom may not always be the best place for students to experience this thrill.
Many afterschool and outreach programs have also been used to induce similar experiences.

Four Principles for Productive Engagement
In a metropolitan city in Turkey, in the year 2015, Mehmet C. Ayar (2015) studied the
effect of STEM education and engineering design outside of the school-year scheduled
curriculum. Ayar provided high school students with an opportunity to participate in a robotics
summer camp to foster their interest in engineering within an environment with different goals,
activities, and social structure compared to a conventional science classroom (p. 1656). The
8

summer camp provided a different form of engineering experience for the high school students.
Ayar drew upon a framework for engagement written by Randi Engle and Faith Conant (2010).
This framework of four principles helped Ayar to distinguish between learning in the classroom
and learning in a summer camp program: (a) problematizing the subject matter; (b) giving
students authority to address such problems; (c) holding students accountable to others and to
shared disciplinary norms; and (d) providing students with relevant resources. The application
of these principles will create activities that invite students to become productively engaged.
Ayar stated the following regarding the application of these principle to his study:
While robotics competitions provide students with the time and necessary materials to
reach their goals, students in science classrooms may not be allowed such an opportunity
because they have to follow the curriculum objectives as their goal with limited resources
within a specified time frame. (p. 1660).
Regardless of the difference in learning atmosphere among summer camps or afterschool clubs
and curriculum taught in the classroom, perhaps applying the four guiding principles to the
curriculum could light a similar fire of productive engagement for students in the classroom.

Measuring Student Attitudes
Kari Cook (2009) led a study from Brigham Young University (BYU) focusing on
students in middle school. The goal was to analyze the students’ perception and attitude toward
technology and engineering. Gender difference was one of the factors of interest in this study,
such as the gender of the student and the gender of the teacher and how these genders affect the
perception and attitude of the student. Cook used mixed methods with quantitative data from preassessment and post-assessment surveys during the first two weeks and the last two weeks of the
study. The qualitative data were in the form of class observations and interviews. This data was
gathered among multiple 7th grade technology and engineering classes from four different
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schools in Utah. The quantitative tool that was used for this study was evolved from both the
Technology Attitude Scale (TAS), and the Pupils’ Attitudes Towards Technology – United States
assessment instruments (PATT – USA). The resulting evolution of the two survey tools was
called the Technology and Engineering Attitude Scale or the TEAS survey. The survey uses a
Likert scale with which the data can become quantitative. In formulating the items for the TEAS,
34 items were written to assess different aspects of each subject: learning interest, career interest,
the importance of contribution to society, multidisciplinary relationships, gender equality,
problem solving connection and difficulty, and engineering and technology difficulty (p. 29-32).
Using both the qualitative data and the quantitative data, Cook used principles of triangulation to
arrive at a conclusion for her study about students’ perceptions and attitudes of technology and
engineering. Based on her study, Cook concluded that female students have positive perceptions
of technology and engineering with a female teacher; male students show a higher interest in
learning and careers in engineering. Generally, students are more interested in learning about
technology and engineering than in pursuing a career in those fields. All students perceived that
it requires one to be smart to learn in technology and engineering (p. 115-6). The success of the
TEAS survey in Cook’s study was evident and was applicable for the purpose of this study.

10

3

DISCUSSION OF RESEARCH METHOD

Mixed Methods Data Analysis
This study used a mixed methods research design. Both quantitative and qualitative data
collection techniques were used to aggregate data that would inform the research question. The
TEAS survey is a quantitative instrument that measures student attitudes towards engineering. In
addition, field notes and a focus group interview were used to gather qualitative data. The
quantitative data was used to objectify the students’ attitudes towards engineering, and the
qualitative data was used to gather data to seek a deeper explanation of the students’ attitudes
and inclinations towards engineering in narrative form.

3.1.1

Hypothesis
The null hypothesis will show no effect on student attitudes towards engineering. There

were seven days of engineering instruction that took place over a 43-day time period. The
alternative hypothesis was that the engineering instruction will show a change in the students’
attitudes towards engineering. The alternative hypothesis was a two-sided test because the goal
was to identify a mean difference (post-assessment – pre-assessment) change, either positive or
negative. The goal of the study was to see how student attitudes changed towards engineering.

11

Quantitative Data

3.2.1

Development of Instrument
Prior surveys such as the Pupils Attitudes Towards Technology (PATT-USA) and the TAS

focused on concepts of and attitudes toward technology (Wright, 2018, p. 654). The TEAS
survey focuses on attitudes towards technology and engineering; this study focuses on student
attitudes towards engineering alone. Changes (such as elimination of items) were made to place
an emphasis on engineering rather than both technology and engineering in the TEAS Survey.
Consequently, only TEAS items pertinent to engineering were used in this study.

3.2.2

Administration of Instrument & Engineering Unit
The 6th graders from the treatment and control groups completed a pre-assessment and

post-assessment TEAS survey (found in Table 3.2 below). The pre- and post- surveys were given
electronically through Qualtrics. The students took the surveys in their class on their classroom
laptops. Candy incentives were delivered to the teachers of the treatment and control classes, and
they were given to the students upon completion of the survey. After the pre-assessment was
given, students received seven days of instruction from several BYU undergraduate students
over the course of 35 calendar days. After the instructional days, students from both treatment
and control groups were given the post-assessment. Following the post-survey, the treatment
group class presented a proposal of safety and transportation changes to the Mayor of Mapleton
city. From start to finish, this research project took place over the course of 43 calendar days
(March 8, 2019 – April 19, 2019, see Figure 3.1).
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Day

Date & Time

Instruction

0

First week of March 2019

Pre-assessment TEAS Survey

1

Friday, March 8th, 2-3 pm

Introduction to Engineering and Simple Machines

2

Monday, March 11th, 9-10 am

Power and Energy

3

Monday, March 18th, 9-10 am

Build Electric Bikes

4

Wednesday, March 20th, 2-3 pm

Intro to Healthy Living

5

Friday, March 22nd, 2-3 pm

Safety

6

Monday, March 25th, 9-10 am

City Planning and Civil Engineering

7

Thursday, April 11th, 9-10 am

City Planning and Civil Engineering

8

Friday, April 12th

Post-assessment TEAS Survey

9

Friday, April 19th, 9:30-10:30 am

Pitch to the City Council and Mayor

Figure 3.1: 9-Day Schedule of Instruction

3.2.3

Themes and Likert Scale Values
The TEAS Survey items were used to gauge the attitudes of the students before and after

the study (see Figure 3.2). The TEAS Survey renders eight themes that provide different insights
about the students’ attitudes towards engineering (Cook, 2009, p. 27). The themes with the
corresponding TEAS items are listed as follows: Engineering Learning Interest includes TEAS
items 1, 12, 14, 15, 18, and 19. Engineering Career Interest includes TEAS items 10, 13, 21, and
26. Importance of Contribution to Society includes TEAS items 3, 7, 22, 24, and 27.
Multidisciplinary Relationships includes TEAS items 6, 11, 16, 25, and 32. Gender Equality
includes TEAS items 2, 8, and 30. Problem Solving Connection includes TEAS items 5, 17, and
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28. Problem Solving Difficulty includes TEAS items 9, 20, and 23. Lastly, Engineering Difficulty
includes TEAS items 4, 29, and 31.
The items from the TEAS Survey were analyzed for reliability to determine their merit in
answering the research question of this study. Six of the 32 items were ignored and left out for
two reasons: the way that TEAS items 4, 24, and 31 were phrased did not seem promising for
reliable insights about the students’ views on engineering. TEAS items 2, 8, and 30 were about
gender and engineering, which is not the goal of this study, therefore, the Gender Equality theme
was ignored leaving seven themes to focus on. The remaining 26 TEAS items were then used for
providing insights about students’ understanding and attitudes towards engineering.
Many students appeared to have missed or skipped some of the items on the surveys. A
statistical test to find how many missing values there were for each TEAS item on the pre-TEAS
and post-TEAS surveys was run, and it was determined that a TEAS item would only be used for
statistical tests if at least 60% of the participants responded to the item. In order to use a TEAS
item (for example item 1), then at least 60% of the participants had to respond to the same TEAS
item (item 1) on both the pre-survey and the post-survey. If item 1 had 60% or more responses
on both the pre-TEAS and the post-TEAS, then results from the treatment and control groups
could be compared for item 1 on both surveys. Based on this determined criteria, the final
number of TEAS items that qualified for statistical tests was 13 TEAS items: 1, 9, 10, 12, 13, 14,
18, 20, 23, 24, 25, 28, and 29. Not all of these TEAS items had 100% responses from the 61
participants; therefore, the responses with missing values were filled in with the average value
recorded for each item.
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1. I am not interested in engineering
2. Boys are better at being engineers than girls
3. Engineering has nothing to do with our lives
4. To be good at engineering you have to be very smart
5. Engineers solve problems
6. I think engineering is often used in science
7. Engineers help make people’s lives better
8. Girls can be as successful doing engineering as boys
9. I am good at problems that can be solved in many different ways
10. I would like a job that lets me do a lot of engineering
11. Engineers use a lot of math and science
12. I think I could do well in an advanced engineering class
13. I think that having a job in engineering would be fun
14. I think there should be a class at my school related to engineering
15. I would be nervous to take an engineering class
16. Science has nothing in common with engineering
17. You do not have to problem solve to be an engineer
18. I would like to learn more about engineering at school
19. If there was an engineering club at my school, I would like to join
20. In my everyday life, I am able to solve problems well
21. I would like to be an engineer when I grow up
22. Societal issues, like water an air pollution, influence the jobs of engineers
23. Solving problems is hard
24. Engineering has brought about more bad things than good things
25. To me, the field of science is related to the field of engineering
26. Working in engineering as a job would be boring and dull
27. Engineering makes our lives more comfortable
28. When I think of engineering, I mostly think of solving problems
29. To become an engineer, you have to take hard classes
30. Boys know more about engineering than girls
31. You don’t have to be smart to study engineering
32. In engineering, you use math
Figure 3.2: TEAS Survey Items

The results from the pre and post TEAS surveys were reported with the common Likert
variables such as “Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree, and I don’t
know,” (see Figure 3.3 for survey formatting). These ordinal variables were transformed into
numerical variables for the purpose of running statistical tests in IBM SPSS Statistics 26. These
variables were transformed as follows: Strongly Agree = 5, Agree = 4, Neutral and I don’t know
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= 3, Disagree = 2, Strongly Disagree = 1. The variable “I don’t know” was interpreted as a
neutral stance, therefore it was paired with the “Neutral” variable (see Table 3.1).

Figure 3.3: Example of the TEAS Format

Table 3.1 Likert Scale Values for the TEAS
TEAS Response Options

Likert Scale Values

Reversed Likert Scale Values

Strongly Agree

5

1

Agree

4

2

Neutral / I don’t know

3

3

Disagree

2

4

Strongly Disagree

1

5
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Many of the TEAS items were phrased positively, while nine of the 26 items were asked in
the negative: for example, TEAS item 1 says “I am not interested in engineering” (italics added).
The scores on these nine items were reversed to make data more uniform to make sure all TEAS
item responses properly represent student attitudes and for ease of reading and interpreting data
(see Table 3.1).

3.2.4

Independent t-Test and Effect Size
The TEAS survey is found in Figure 3.2. The mean pre-assessment scores from the

treatment and control classes were compared to the mean of the post-assessment scores. Using an
Independent t-test, means were determined from the survey results of both the control and
treatment groups before and after the seven-day instructional period within 43 days. The
Independent t-test also produced a t-statistic (t-value) which provided clarification about
significance of the variables as well as the p-value. The change in results from pre-assessment to
post-assessment served as the dependent variable in this study. Standardized Mean Difference
(SMD) effect size was also used to analyze the results from the surveys.
As a p value provides a statistical significance for the Independent t-test, the effect size
provides a practical significance, meaning we can know the strength of the difference between
two means (Creswell, 2008, p. 203). The variable used for the effect size is d and is produced by
finding the absolute value of the mean difference and dividing that by the pooled standard
deviation (as shown in Equations 3.1 and 3.2, and Figure 3.6 which shows a group statistics
example to demonstrate where the variables are pulled from).
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𝑑𝑑 =

|𝑀𝑀1 −𝑀𝑀2 |

Equation 3.1

𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑠𝑠12 �𝑛𝑛1 −1)+ 𝑠𝑠22 (𝑛𝑛2 − 1)

𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = �

Equation 3.2

𝑛𝑛1 + 𝑛𝑛2 −2

Figure 3.6: Variables for Effect Size Equation

When an effect size is calculated, the strength of the practical significance can be known
by the numeric output (see Figure 3.7). Aside from providing the strength of the practical
significance, the effect size can also show what percentage of the students in the treatment group
are above the mean of the control group.

Figure 3.7: Strength and Percentile of Effect Size
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Qualitative

3.3.1

Class Visits – Field Notes
The qualitative research design was an in-depth description and analysis of a bounded

system (the 6th grade class at Mapleton Elementary) and therefore it was a case study (Merriam
& Tisdell, 2016, p. 37). During the engineering design instruction period, qualitative inquiry was
conducted in the form of field notes and focus group interviews. Each instructional period was
recorded and transcribed with field notes to narrate what happened. Field notes recorded how the
students received the instruction and what they were doing during the instruction and activities.
Thematic analysis was used to organize the patterns and themes throughout the data (Clarke,
Braun, & Hayfield, 2015). Among the 32 TEAS items, the survey provided eight themes that
gauge attitudes towards engineering (Cook, 2009, p. 27). Seven of these themes were used to
analyze field notes and the focus group interview (One of the eight themes was about gender
equality which is not the goal of this study, therefore it was left out.) The seven themes were
Engineering Learning Interest, Engineering Career Interest, Importance of Contribution to
Society, Multidisciplinary Relationships, Problem-solving Connection, Problem Solving
Confidence, and Engineering Difficulty.
The four-principle framework that Ayar (2015) used for verifying reliable engineering
activities applies to this study. The content of the unit was problematized as the students in the
treatment class learned about issues with Mapleton roads. At the end of the unit, the students
used their knowledge from previous lessons to come up with solutions for Mapleton’s road
issues and present them to the mayor. Frequently, the students collaborated in groups for
engineering activities and finding solutions. The engineering unit instructed the students and
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assisted them to make informed decisions about improving the roads and making them safer in
Mapleton (Engle & Conant, 2010).

3.3.2

Focus Group Interview
The focus group was made up of five randomly selected students from the treatment group.

The five students were interviewed between Day 8-9, and their feelings and opinions of the
engineering design instruction were noted and assessed. The entire interview was recorded and
then transcribed. For ease of transcribing, the moderator clearly stated each student’s name when
a comment or question was raised (the names of the students were then replaced by numbers 1
through 5 for anonymity). The interview was semi-structured with a list of prepared questions to
ask the five students but allowing the freedom of spontaneous or follow-up questions by the
discretion of the focus group interview moderator. The duration of the interview was 30 minutes.
To review the focus group interview, see Appendix H.

Participants
This study took place at an elementary school in Mapleton, Utah. Two classes of 6th
grade students ranging in age from 11-12 participated in this study. These groups were not
randomly gathered. Consequently, this was a convenience study because the two groups were
willing and available to participate. The classes consisted of two populations of 30 students each.
One class was the treatment group and participated in a seven-day study (over the course of 43
days) that taught the engineering design process, introduced mechanical engineering, civil
engineering, and public health. The other class was the control group, who continued to receive
normally planned content. The TEAS was given to both groups before and after the study (see
instruction schedule in Table 2).
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Researchers
The researchers who helped with this study consisted of five undergraduate students at
BYU in the Technology, Engineering, Public Health, and Exercise Science programs. Each of
the undergraduate students participated by teaching the various lessons from their respective
fields of study to the 6th grade treatment group (though they were not professional educators).
Two of the BYU students from the Technology and Engineering programs taught about simple
machines, power, energy, and assisted in the construction of electric bikes within the classroom.
A student from Public Health and one from Exercise Sciences taught the students about healthy
living and bike safety. The last student from Civil Engineering taught the 6th graders about city
planning—specifically roadways and bike traffic lanes, and how to prepare a proposal of safety
and transportation issues they would later present to the City Council and Mayor (teaching
schedule found in Table 2 below).

Confidentiality
Data was collected in the form of survey results and observation field notes. Audio was
recorded only for the purpose of aiding the writing and transcribing of field notes. The audio will
not be published as any source of field data. The only purpose of the audio recordings is to assist
the investigators in their notes and observations, even dialogue that was given during the study.
The audio recordings were deleted once they were used for the purpose of observational note
taking.
All data was stored on a secure hard drive that only the primary investigator had access
to. It was locked in a password-protected computer in a password-protected hard drive. The
laptop was locked away in the investigator's desk, which was locked in his office. The pre-TEAS

21

assessment and post-TEAS assessment survey was recorded on a private BYU account of
Qualtrics. Field notes were kept on private google documents.
The data was recorded and analyzed over the course of a few months and will remain
private and secure from others. Parents were informed that all the data taken from the study
would be used confidentially, and it would be password-protected and securely locked away in
the investigator's office once the data was analyzed and used for narrating the research project.

Informed Consent
Students were sent home with consent forms to read with their parents and return with
their consent to participate. On the consent forms the contact information of the principal and coinvestigators were shared, such as email addresses and cell phone numbers in the case that a
parent should want to communicate about any concerns that they might have about the unit or
study. Beyond consent forms, the investigators did not reach out to students and parents outside
of the classroom.

Validity and Reliability of Methods
This study used triangulation to validate the interpretations and analysis of the data. A
standard approach for triangulation is to combine and compare qualitative data (e.g. text) and
quantitative data (e.g. scores) (Creswell, 2008, p. 564). By using qualitative and quantitative
methods, data was explained by different viewpoints and perspectives. Methods used were the
TEAS survey, field notes, and a focus group interview. The data is accurate and credible by
showing that the findings from the TEAS reflect in the field notes and the focus group interview
feedback (Creswell, 2008, p. 266).
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4

DATA & RESULTS

Findings
The purpose of this study was to answer the question: how does designing and
implementing an engineering-based unit of instruction impact student attitudes toward
engineering for 6th graders? The study used both quantitative and qualitative methods of
measuring student attitudes through a survey, observational field notes, and an open-ended focus
group interview. The study included 61 students from two 6th grade classes at Mapleton
Elementary in Mapleton, Utah.
The Data and Results section will first present findings from the pre/post TEAS surveys
for the quantitative data to show how both 6th grade classes (treatment and control classes)
compare to each other before the engineering unit began for the treatment class and then again
how the two classes compare after the engineering unit was completed with the treatment class.
After articulating the findings from the TEAS surveys, the observational field notes and the
open-ended focus group interview will be discussed; subsequent trends between quantitative data
and qualitative data will be identified.

Quantitative Data – Pre/Post TEAS Survey
The TEAS survey rendered seven themes allowing analysis of the student attitudes
towards engineering in various ways. The themes and their associated TEAS items were as
follows: Engineering Learning Interest includes TEAS items 1, 12, 14, 18; Engineering Career
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Table 4.1: Quantitative Data Summary
Theme

TEAS
Item
1

Learning Interest

12
14
18

Career Interest

10
13

Importance of
Contribution to
Society
Multidisciplinary
Relationships
Problem-Solving
Connection

Problem-Solving
Difficulty

Post-Survey
p-value

Pre-Survey
Effect Size

Post-Survey
Effect Size

0.051

0.024

0.51

0.59

0.889
0.53
0.894

0.219
0.033
0.011

0.04
0.16
0.03

0.32
0.56
0.67

0.603

0.064

0.13

0.48

0.647

0.084

0.12

0.45

0.853

0.073

0.048

0.46

0.884

0.09

0.037

0.44

0.747

0.107

0.083

0.42

0.7

0.341

0.099

0.25

0.639
0.854

0.202
0.71

0.12
0.047

0.33
0.1

0.092

0.805

0.437

0.06

0.812

0.014

0.06

0.65
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25

28
9
20
23

Engineering Difficulty

Pre-Survey
p-value

29
Total

Interest includes TEAS items 10 and 13; Importance of Contribution to Society includes TEAS
item 24; Multidisciplinary Relationships includes TEAS item 25; Problem Solving Connection
includes TEAS item 28; Problem Solving Difficulty includes TEAS items 9, 20, and 23; and
Engineering Difficulty includes TEAS item 29. In Table 4.1 the statistical and practical
significance is shown for each TEAS item within each theme. Below, for the duration of the
quantitative analysis section of chapter 4, the findings for statistical and practical significance are
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explained for each TEAS item. Notice that each TEAS item is organized within the theme as
shown in Table 4.1.

4.2.1

Engineering Learning Interest
This theme demonstrates student interest in learning about engineering in school. The

TEAS items within this theme are: 1) “I am not interested in engineering;” 12) “I think I could
do well in an advanced engineering class;” 14) “I think there should be a class at my school
related to engineering;” and 18) “I would like to learn more about engineering at school.”

4.2.1.1 Pre-TEAS Item 1
Pre-TEAS Item 1 states “I am not interested in engineering,” 67% of the participants
responded to the statement.
The null hypothesis (H0) was: H0: There is no significant difference between treatment
group and control group mean Pre-TEAS Item 1 scores (i.e. µTreatment = µControl), where µ = the
population mean for any given TEAS item(s).
These extreme outliers are unusual values, perhaps representing interesting unintended
phenomena, and were therefore included in the analysis - believing that the results will not be
significantly affected.
Normality tests were not performed on the data, but the Independent t-test was used
because it is robust to deviations from normality (Laerd Statistics, 2016, p. 12). The data are
presented as follows: (mean ± standard deviation), unless otherwise stated. The mean represents
the class mean score for Pre-TEAS Item 1, and the standard deviation is the average deviation
from that mean (could be less or more).
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Engineering (before the treatment was given) was more interesting to the treatment
participants (3.17 ± 0.65) than to the control participants (2.88 ± 0.5) (see Table 4.2).

Table 4.2: Pre-TEAS Item 1 Means

An independent-samples t-test (see Table 4.3) was run to determine if there were
differences in Pre-TEAS item 1 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS 1 Scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.116). The treatment group scored
higher on Pre-TEAS item 1 (3.17 ± 0.65) than the control group (2.88 ± 0.5), however, the
difference was not statistically significant (0.29 (95% Confidence Interval, -0.001 to 0.59) t(59)
= 1.993, p = 0.051, d = 0.51). The effect size of d =0.51 suggests a medium strength implication.

Table 4.3: Pre-TEAS Item 1 t-Test
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The t-value for this data set is 1.993, and the significance is 0.051. The probability of
obtaining a t value of 1.993 or more extreme when the null hypothesis is true is 51 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we will fail to reject the null hypothesis. Essentially, there is not enough evidence
that students from the treatment class have any more (or less) interest in engineering than
students from the control class. There was a medium strength of practical significance, meaning
the treatment class students were equal to or greater than 69% of the control class students in
terms of interest in engineering (see Figure 3.5).

4.2.1.2 Post-TEAS Item 1
Post-TEAS Item 1 states “I am not interested in engineering,” 69% of the participants
responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 1 scores (i.e. µTreatment = µControl).
Normality tests were not performed on the data, but the Independent t-test was used
because it is robust to deviations from normality (Laerd Statistics, 2016, p. 12). The data are
presented as follows: (mean ± standard deviation), unless otherwise stated. The mean represents
the class mean score for Post-TEAS Item 1, and the standard deviation from that mean (could be
less or more).
Engineering (after the treatment was given) was more interesting to the treatment
participants (3.35 ± 0.63) than to the control participants (2.99 ± 0.59) (see Table 4.4).
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Table 4.4: Post-TEAS Item 1 Means

An independent-samples t-test (see Table 4.5) was run to determine if there were
differences in Post-TEAS Item 1 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 1 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.185). The treatment group scored
higher on Post-TEAS Item 1 (3.35 ± 0.63) than the control group (2.99 ± 0.59), which is a
statistically significant difference (0.36 (95% Confidence Interval, 0.049 to 0.67) t(59) = 2.314, p
= 0.024, d = 0.59). The effect size of d = 0.59 suggest a medium strength implication.
The t-value for this data set is 2.314, and the significance is 0.024. The probability of
obtaining a t value of 2.314 or more extreme when the null hypothesis is true is 24 times out of
1000. This means there was a statistically significant difference between the means (p < 0.05),
and therefore, we reject the null hypothesis, and accept the alternative hypothesis. Essentially,
the statistical evidence shows that students from the treatment class had more interest in
engineering than students from the control class. There was a medium strength practical
significance, meaning the treatment class students were equal to or greater than 72% of the
control class in terms of interest in engineering (see Figure 3.5).
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Table 4.5: Post-TEAS Item 1 t-Test

4.2.1.3 Pre-TEAS Item 12
Pre-TEAS Item 12 states “I think I could do well in an advanced engineering class,” 62%
of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 12 scores (i.e. µTreatment = µControl).
Confidence to do well in an advanced engineering class (before the treatment was given)
was higher for the treatment participants (2.9 ± 0.69) than to the control participants (2.88 ±
0.51) (see Table 4.6).

Table 4.6: Pre-TEAS Item 12 Means

An independent-samples t-test (see Table 4.7) was run to determine if there were
differences in Pre-TEAS Item 12 scores for the treatment and control groups. There was
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homogeneity of variances for Pre-TEAS Item 12 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.079). The treatment group scored
higher on Pre-TEAS Item 12 (2.87 ± 1.12) than the control group (2.71 ± 1.12), however, the
difference was not statistically significant (0.02 (95% Confidence Interval, -0.29 to 0.33) t(59) =
0.140, p = 0.889, d = 0.04). The effect size of d = 0.04 suggests a low strength implication.

Table 4.7: Pre-TEAS Item 12 t-Test

The t-value for this data set is 0.140, and the significance is 0.889. The probability of
obtaining a t value of 0.140 or more extreme when the null hypothesis is true is 889 times out of
1000. This means there was no statistically significant difference between means (p > 0.05), and
therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) confidence than students in the students
in the control class to do well in advanced engineering classes There was no practical
significance for Pre-TEAS 12.

4.2.1.4 Post-TEAS Item 12
Post-TEAS Item 12 states “I think I could do well in an advanced engineering class,”
69% of the participants responded to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 12 scores (i.e. µTreatment = µControl).
Confidence to do well in an advanced engineering class (after the treatment was given)
was higher for the treatment participants (3.05 ± 0.59) than to the control participants (2.85 ±
0.67) (see Table 4.8).

Table 4.8: Post-TEAS Item 12 Means

An independent-samples t-test (see Table 4.9) was run to determine if there were
differences in Post-TEAS Item 12 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 12 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.304). The treatment group scored
higher on Post-TEAS Item 12 (3.05 ± 0.59) than the control group (2.85 ± 0.67), however, the
difference was not statistically significant (0.2 (95% Confidence Interval, -0.12 to 0.52) t(59) =
1.243, p = 0.219, d = 0.32). The effect size of d = 0.32 suggests a small strength implication.

Table 4.9: Post-TEAS Item 12 t-Test
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The t-value for this data set is 1.243, and the significance is 0.219. The probability of
obtaining a t value of 1.243 or more extreme when the null hypothesis is true is 219 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) confidence than that students in the
control class to do well in advanced engineering classes. There was a small strength of practical
significance, meaning the treatment class students were equal to or greater than 62% of the
control class students in terms of having confidence to do well in an advanced engineering class
(see Figure 3.5).

4.2.1.5 Pre-TEAS Item 14
Pre-TEAS Item 14 states “I think there should be a class at my school related to
engineering,” 61% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 14 scores (i.e. µTreatment = µControl).
Interest for an engineering class at the school (before the treatment was given) was higher
for the treatment participants (3.4 ± 0.59) than for the control participants (3.31 ±0.53) (see
Table 4.10).

Table 4.10: Pre-TEAS Item 14 Means
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An independent-samples t-test (see Table 4.11) was run to determine if there were
differences in Pre-TEAS Item 14 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 14 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.871). The treatment group scored
higher on Pre-TEAS Item 14 (3.4 ± 0.59) than the control group (3.31 ± 0.53), however, the
difference was not statistically significant (0.09 (95% Confidence Interval, -0.2 to 0.38) t(59) =
0.632, p = 0.530, d = 0.16). The effect size of d = 0.16 suggests a low strength implication.

Table 4.11: Pre-TEAS Item 14 t-Test

The t-value for this data set is 0.632, and the significance is 0.530. The probability of
obtaining a t value of 0.632 or more extreme when the null hypothesis is true is 530 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is no enough evidence that
students from the treatment class have any more (or less) interest than students in the control
class for an engineering-related class at the school. There was no practical significance.

4.2.1.6 Post-TEAS Item 14
Post-TEAS Item 14 states “I think there should be a class at my school related to
engineering,” 84% of the participants responded to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 14 scores (i.e. µTreatment = µControl).
An interest in an engineering class at the school (after the treatment was given) was
higher for the treatment participants (3.8 ± 1.11) than for the control participants (3.2 ± 1.05)
(see Table 4.12).

Table 4.12: Post-TEAS Item 14 Means

An independent-samples t-test (see Table 4.13) was run to determine if there were
differences in Post-TEAS Item14 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 14 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.540). The treatment group scored
higher on Post-TEAS Item 14 (3.8 ± 1.11) than the control group (3.2 ± 1.05), the difference was
statistically significant (0.61 (95% Confidence Interval, 0.05 to 1.16) t(59) = 2.190, p = 0.033, d
= 0.56). The effect size of d = 0.56 suggests a medium strength implication.
The t-value for this data set is 2,190 and the significance is 0.033. The probability of obtaining a
t value of 2.190 or more extreme when the null hypothesis is true is 33 times out of 1000. This
means there was a statistically significant difference between means (p < 0.05), and therefore, we
reject the null hypothesis. Essentially, the statistical evidence shows that the students from the
treatment class had more interest than students in the control class for an engineering-related
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class at the school. There was a medium strength practical significance, meaning the treatment
class students were equal to or greater than nearly 71% of the control class students in terms of
interest for an engineering-related class at the school (see Figure 3.5).

Table 4.13: Post-TEAS Item 14 t-Test

4.2.1.7 Pre-TEAS Item 18
Pre-TEAS Item 18 states “I would like to learn more about engineering at school,” 84%
of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 18 scores (i.e. µTreatment = µControl).
Interest for more engineering taught at the school (before the treatment was given) was
higher for the treatment participants (3.2 ± 1.11) than for the control participants (3.16 ± 1.15)
(see Table 4.14).

Table 4.14: Pre-TEAS Item 18 Means
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An independent-samples t-test (see Table 4.15) was run to determine if there were
differences in Pre-TEAS Item 18 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 18 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.976). The treatment group scored
higher on Pre-TEAS Item 8 (3.2 ± 1.11) than the control group (3.16 ± 1.15), however the
difference was not statistically significant (0.04 (95% Confidence Interval, -0.54 to 0.62) t(59) =
0.133, p = 0.894, d = 0.03). The effect size of d = 0.03 suggests a low strength implication.

Table 4.15: Pre-TEAS Item 18 t-Test

The t-value for this data set is 0.133, and the significance is 0.894. The probability of
obtaining a t value of 0.133 or more extreme when the null hypothesis is true is 894 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) interest than students in the control
class for learning more about engineering at school. There was no practical significance.

4.2.1.8 Post-TEAS Item 18
Post-TEAS Item 18 states “I would like to learn more about engineering at school,” 90%
of the participants responded to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 18 scores (i.e. µTreatment = µControl).
Interest for more engineering taught at the school (after the treatment was given) was
higher for the treatment participants (3.6 ± 1.13) than for the control participants (2.8 ± 1.29)
(see Table 4.16).

Table 4.16: Post-TEAS Item 18 Means

An independent-samples t-test (see Table 4.17) was run to determine if there were
differences in Post-TEAS Item 18 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 18 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.289). The treatment group scored
higher on Post-TEAS Item 18 (3.6 ± 1.13) than the control group (2.8 ± 1.29), the difference was
statistically significant (0.81 (95% Confidence Interval, 0.19 to 1.43) t(59) = 2.620, p = 0.011, d
= 0.67). The effect size of d = 0.67 suggests a medium strength implication.
The t-value for this data set is 2,620 and the significance is 0.011. The probability of
obtaining a t value of 2.620 or more extreme when the null hypothesis is true is 11 times out of
1000. This means there was a statistically significant difference between the means (p < 0.05),
and therefore, we reject the null hypothesis. Essentially, the statistically evidence shows that
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students in the treatment class had more interest than students in the control class for learning
more about engineering at school. There a medium strength practical significance, meaning the
treatment class students were equal to or greater than nearly 75% of the control class students in
terms of desire to learn more about engineering at school (see Figure 3.5).

Table 4.17: Post-TEAS Item 18 t-Test

4.2.2

Engineering Career Interest
This theme demonstrates the students’ interest for careers that relate to engineering. The

TEAS items within this theme are: 10) “I would like a job that lets me do a lot of engineering;”
and 13) “I think that having a job in engineering would be fun.”

4.2.2.1 Pre-TEAS Item 10
Pre-TEAS Item 10 states “I would like a job that lets me do a lot of engineering,” 85% of
the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 10 scores (i.e. µTreatment = µControl).
A job involved in a lot of engineering (before the treatment was given) was more
interesting to the treatment participants (2.87 ± 1.12) than to the control participants (2.71 ±
1.12) (see Table 4.18).
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Table 4.18: Pre-TEAS Item 10 Means

An independent-samples t-test (see Table 4.19) was run to determine if there were
differences in Pre-TEAS Item 10 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item10 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.882). The treatment group scored
higher on Pre-TEAS Item 10 (2.87 ± 1.12) than the control group (2.71 ± 1.12), however, the
difference was not statistically significant (0.15 (95% Confidence Interval, -0.43 to 0.73) t(59) =
0.522, p = 0.603, d = 0.13). The effect size of d = 0.13 suggests a low strength implication there
is no practical significance.

Table 4.19: Pre-TEAS Item 10 t-Test

The t-value for this data set is 0.522, and the significance is 0.603. The probability of
obtaining a t value of 0.522 or more extreme when the null hypothesis is true is 603 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
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and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) interest than students in the control
class to have an engineering related job someday.

4.2.2.2 Post-TEAS Item 10
Post-TEAS Item 10 states “I would like a job that lets me do a lot of engineering,” 64%
of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 10 scores (i.e. µTreatment = µControl).
A job that involves a lot of engineering (after the treatment was given) was more
interesting to the treatment participants (2.98 ± 0.56) than to the control participants (2.71 ±
0.54) (see Table 4.20).

Table 4.20: Post-TEAS Item 10 Means

An independent-samples t-test (see Table 4.21) was run to determine if there were
differences in Post-TEAS Item 10 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 10 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.519). The treatment group scored
higher on Post-TEAS Item 10 (3.35 ± 0.63) than the control group (2.99 ± 0.59), however, the
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difference was not statistically significant (0.27 (95% Confidence Interval, -0.02 to 0.55) t(59) =
1.890, p = 0.064, d = 0.48). The effect size of d = 0.48 suggests a small strength implication.

Table 4.21: Post-TEAS Item 10 t-Test

The t-value for this data set is 1.890, and the significance is 0.064. The probability of
obtaining a t value of 1.890 or more extreme when the null hypothesis is true is 64 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) interest than students in the control
class to have an engineering related job someday. There was a small strength practical
significance, meaning the treatment class students were equal to or greater than 68% of the
control class students in terms of interest in an engineering-related job (see Figure 3.5).

4.2.2.3 Pre-TEAS Item 13
Pre-TEAS Item 13 states “I think having a job in engineering would be fun,” 85% of the
participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 13 scores (i.e. µTreatment = µControl).
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To have a job in engineering (before the treatment was given) appealed more to the
treatment participants (3.27 ± 1.22) than it appealed to the control participants (3.12 ±1.22) (see
Table 4.22).

Table 4.22: Pre-TEAS Item 13 Means

An independent-samples t-test (see Table 4.23) was run to determine if there were
differences in Pre-TEAS Item 13 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 13 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.945). The treatment group scored
higher on Pre-TEAS Item 13 (3.27 ± 1.22) than the control group (3.12 ± 1.22), however, the
difference was not statistically significant (0.14 (95% Confidence Interval, -0.48 to 0.77) t(59) =
0.460, p = 0.647, d = 0.12). The effect size of d = 0.12 suggests a low strength implication.

Table 4.23: Pre-TEAS Item 18 t-Test
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The t-value for this data set is 0.460, and the significance is 0.647. The probability of
obtaining a t value of 0.460 or more extreme when the null hypothesis is true is 647 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) excitement than the students in the
control class for having an engineering-related job. There was no practical significance.

4.2.2.4 Post-TEAS Item 13
Post-TEAS Item 13 states “I think having a job in engineering would be fun,” 90% of the
participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 13 scores (i.e. µTreatment = µControl).
To have a job in engineering (after the treatment was given) appealed more to the
treatment participants (3.48 ± 1.22) than it appealed to the control participants (2.93 ± 1.22) (see
Table 4.24).

Table 4.24: Post-TEAS Item 13 Means
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An independent-samples t-test (see Table 4.25) was run to determine if there were
differences in Post-TEAS Item 13 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 13 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.752). The treatment group scored
higher on Post-TEAS Item 13 (3.48 ± 1.22) than the control group (2.93 ± 1.22), however, the
difference was not statistically significant (0.55 (95% Confidence Interval, -0.08 to 1.18) t(59) =
1.760, p = 0.084, d = 0.45). The effect size of d = 0.45 suggests a small strength implication,
meaning the treatment class students were equal to or greater than nearly 60% of the control
class students in terms of viewing engineering-related jobs as fun (see Figure 3.5).

Table 4.25: Post-TEAS Item 13 t-Test

The t-value for this data set is 1.760, and the significance is 0.084. The probability of
obtaining a t value of 1.760 or more extreme when the null hypothesis is true is 84 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) excitement than the students in the
control class for having an engineering-related job.
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4.2.3

Importance of Contribution to Society
This theme demonstrates student acknowledgement of the importance of engineering for

the society they live in. The TEAS item within this theme is TEAS item 24: “Engineering has
brought about more bad things than good things.”

4.2.3.1 Pre-TEAS Item 24
Pre-TEAS Item 24 states “Engineering has brought about more bad things than good,”
75% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 24 scores (i.e. µTreatment = µControl).
Before the treatment was given, the treatment participants, on average, thought
engineering has brought about more good things than bad (4.11 ± 0.98) less so than the control
participants, on average (4.15 ± 1.05) (see Table 4.26).

Table 4.26: Pre-TEAS Item 24 Means

An independent-samples t-test (see Table 4.27) was run to determine if there were
differences in Pre-TEAS Item 24 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 24 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.616). The treatment group scored
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higher on Pre-TEAS Item 24 (4.11 ± 0.98) than the control group (4.15 ± 1.05), however, the
difference was not statistically significant (-0.05 (95% Confidence Interval, -0.57 to 0.47) t(59) =
-0.186, p = 0.853, d = 0.048). The effect size of d = 0.048 suggests a low strength implication.

Table 4.27: Pre-TEAS Item 24 t-Test

The t-value for this data set is -0.186, and the significance is 0.853. The probability of
obtaining a t value of -0.186 or more extreme when the null hypothesis is true is 853 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class think any more (or less) than the students from the control class
that engineering brings about more bad things than good. There was no practical significance.

4.2.3.2 Post-TEAS Item 24
Post-TEAS Item 24 states “Engineering has brought about more bad things than good,”
77% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 24 scores (i.e. µTreatment = µControl).
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After the treatment was given, the treatment participants, on average, thought engineering
has brought about more good things than bad (4.27 ± 1.05) more so than the control participants,
on average (3.82 ± 0.91) (see Table 4.28).

Table 4.28: Post-TEAS Item 24 Means

An independent-samples t-test (see Table 4.29) was run to determine if there were
differences in Post-TEAS Item 24 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 24 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.977). The treatment group scored
higher on Post-TEAS Item 24 (4.27 ± 1.05) than the control group (3.82 ± 0.91), however, the
difference was not statistically significant (0.46 (95% Confidence Interval, -0.04 to 0.96) t(59) =
1.823, p = 0.073, d = 0.46). The effect size of d = 0.46 suggests a small strength implication.

Table 4.29: Post-TEAS Item 24 t-Test
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The t-value for this data set is 1.823, and the significance is 0.073. The probability of
obtaining a t value of 1.823 or more extreme when the null hypothesis is true is 73 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class think any more (or less) than the students from the control class
that engineering brings about more bad things than good. There was a small strength practical
significance, meaning the treatment class students were equal to or greater than nearly 69% of
the control class students in terms of recognizing the good contributions engineering provides for
the society (see Figure 3.5).

4.2.4

Multidisciplinary Relationships
This theme demonstrates student perception of the connection engineering has with other

disciplines. The TEAS item within this theme is 25: “To me, the field of science is related to the
field of engineering.”

4.2.4.1 Pre-TEAS Item 25
Pre-TEAS Item 25 states “To me, the field of science is related to the field of
engineering,” 61% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 25 scores (i.e. µTreatment = µControl).
Before the treatment was given, the treatment participants, on average, thought
engineering is related to science (3.47 ± 0.48) less so than the control participants, on average
(3.45 ± 0.46) (see Table 4.30).
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Table 4.30: Pre-TEAS Item 25 Means

An independent-samples t-test (see Table 4.31) was run to determine if there were
differences in Pre-TEAS Item 25 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 25 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.737). The treatment group scored
higher on Pre-TEAS Item 25 (3.47 ± 0.48) than the control group (3.45 ± 0.46), however, the
difference was not statistically significant (0.02 (95% Confidence Interval, -0.22 to 0.26) t(59) =
0.146, p = 0.884, d = 0.037). The effect size of d = 0.037 suggests a low strength implication.

Table 4.31: Pre-TEAS Item 25 t-Test

The t-value for this data set is 0.146, and the significance is 0.884. The probability of
obtaining a t value of 0.146 or more extreme when the null hypothesis is true is 884 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
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students from the treatment class perceive any more (or less) than students in the control class
how the field of science and the field of engineering are related. There was no practical
significance for Pre-TEAS 25.

4.2.4.2 Post-TEAS Item 25
Post-TEAS Item 25 states “To me, the field of science is related to the field of
engineering,” 62% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 25 scores (i.e. µTreatment = µControl).
After the treatment was given, the treatment participants, on average, thought engineering
is related to science (3.74 ± 0.34) more so than the control participants, on average (3.58 ± 0.4)
(see Table 4.32).

Table 4.32: Post-TEAS Item 25 Means

An independent-samples t-test (see Table 4.33) was run to determine if there were
differences in Post-TEAS Item 25 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 25 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.158). The treatment group scored
higher on Post-TEAS Item 25 (3.74 ± 0.34) than the control group (3.58 ± 0.4), however, the
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difference was not statistically significant (0.16 (95% Confidence Interval, -0.03 to 0.35) t(59) =
1.723, p = 0.090, d = 0.44). The effect size of d = 0.44 suggests a small strength implication.

Table 4.33: Post-TEAS Item 25 t-Test

The t-value for this data set is 1.723, and the significance is 0.090. The probability of
obtaining a t value of 1.723 or more extreme when the null hypothesis is true is 90 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class perceive any more (or less) than students in the control class
how the field of science and the field of engineering are related. There was a small strength
practical significance, meaning the treatment class students were equal to or greater than nearly
67% of the control class students in terms of recognizing the connection between the field of
science and the field of engineering (see Figure 3.5).

4.2.5

Problem Solving Connection
This theme demonstrates student perception that engineering is connected to solving

problems. The TEAS item within this theme is 28: “When I think of engineering, I mostly think
of solving problems.”
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4.2.5.1 Pre-TEAS Item 28
Pre-TEAS Item 28 states “When I think of engineering, I mostly think of solving
problems,” 74% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 28 scores (i.e. µTreatment = µControl).
Before the treatment was given, the treatment participants, on average, thought
engineering is solving problems (3.06 ± 0.61) less so than the control participants, on average
(3.11 ± 0.74) (see Table 4.34).

Table 4.34: Pre-TEAS Item 28 Means

An independent-samples t-test (see Table 4.35) was run to determine if there were
differences in Pre-TEAS Item 28 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 28 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.143). The treatment group scored
higher on Pre-TEAS Item 28 (3.06 ± 0.61) than the control group (3.11 ± 0.74), however, the
difference was not statistically significant (-0.06 (95% Confidence Interval-0.41 to 0.29) t(59) = 0.325, p = 0.747, d = 0.083). The effect size of d = 0.083 suggests a low strength implication.
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Table 4.35: Pre-TEAS Item 28 t-Test

The t-value for this data set is -0.325, and the significance is 0.747. The probability of
obtaining a t value of -0.325 or more extreme when the null hypothesis is true is 747 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class think any more (or less) than the students in the control class
that engineering involves solving problems. There was no practical significance.

4.2.5.2 Post-TEAS Item 28
Post-TEAS Item 28 states “When I think of engineering, I mostly think of solving
problems,” 66% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 28 scores (i.e. µTreatment = µControl).
After the treatment was given, the treatment participants, on average, thought engineering
is solving problems (2.95 ± 0.59) more so than the control participants, on average (3.21 ± 0.65)
(see Table 4.36).
An independent-samples t-test (see Table 4.37) was run to determine if there were
differences in Post-TEAS Item 28 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 28 scores for the treatment and control groups, as
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assessed by the Levene’s test for equality of variances (p = 0.226). The treatment group scored
lower on Post-TEAS Item 28 (2.95 ± 0.59) than the control group (3.21 ± 0.65), however, the
difference was not statistically significant (-0.26 (95% Confidence Interval, -0.58 to 0.06) t(59) =
-1.637, p = 0.107, d = 0.42). The effect size of d = 0.42 suggests a small strength implication.

Table 4.36: Post-TEAS Item 28 Means

Table 4.37: Post-TEAS Item 28 t-Test

The t-value for this data set is -1.637, and the significance is 0.107. The probability of
obtaining a t value of -1.637 or more extreme when the null hypothesis is true is 107 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the control class think any more (or less) than the students in the treatment class
that engineering involves solving problems. There was a small strength practical significance,
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meaning the treatment class students were equal to or less than 66% of the control class students
in terms of making the connection between engineering and solving problems (see Figure 3.5).

4.2.6

Problem Solving Difficulty
This theme demonstrates student confidence for solving problems. The TEAS items

within this theme are 9) “I am good at solving problems that can be solved in many different
ways;” 20) “In my everyday life, I am able to solve problems well;” and 23) “Solving problems
is hard.”

4.2.6.1 Pre-TEAS Item 9
Pre-TEAS Item 9 states “I am good at problems that can be solved in many different
ways,” 74% of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 9 scores (i.e. µTreatment = µControl).
Confidence to solve problems creatively was not higher for the treatment participants
(3.398 ± 0.51) than to the control participants (3.44 ± 0.43) (see Table 4.5).

Table 4.38: Pre-TEAS Item 9 Means
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An independent-samples t-test (see Table 4.39) was run to determine if there were
differences in Pre-TEAS Item 9 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS item 9 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.421). The treatment group scored
lower on Pre-TEAS Item 9 (3.398 ± 0.51) than the control group (3.44 ± 0.43), however, the
difference was not statistically significant (-0.05 (95% Confidence Interval, -0.29 to 0.19) t(59) =
-0.388, p = 0.700, d = 0.099). The effect size of d = 0.099 suggests a low strength implication.
The t-value for this data set is -0.388, and the significance is 0.700. The probability of
obtaining a t value of -0.388 or more extreme when the null hypothesis is true is 700 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) confidence than students in the control
class for creative problem-solving. There was no practical significance.

Table 4.39: Pre-TEAS Item 9 t-Test

4.2.6.2 Post-TEAS Item 9
Post-TEAS Item 9 states “I am good at problems that can be solved in many different
ways,” 66% of the participants responded to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 9 scores (i.e. µTreatment = µControl).
Confidence to solve problems creatively was lower for the treatment participants (3.5 ±
0.51) than to the control participants (3.6 ± 0.37) (see Table 4.40).

Table 4.40: Post-TEAS Item 9 Means

An independent-samples t-test (see Table 4.41) was run to determine if there were
differences in Post-TEAS Item 9 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 9 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.057). The treatment group scored
lower on Post-TEAS Item 9 (3.5 ± 0.51) than the control group (3.6 ± 0.37), however, the
difference was not statistically significant (-0.11 (95% Confidence Interval, -0.34 to 0.12) t(59) =
-0.960, p = 0.341, d = 0.25). The effect size of d = 0.25 suggests a small strength implication.

Table 4.41: Post-TEAS Item 9 t-Test
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The t-value for this data set is -0.960, and the significance is 0.341. The probability of
obtaining a t value of -0.960 or more extreme when the null hypothesis is true is 341 times out of
1000. This means there was not a statistically significant difference between the means (p >
0.05), and therefore, we fail to reject the null hypothesis. Essentially, there is not enough
evidence that students from the treatment class have any more (or less) confidence than students
in the control class for creative problem-solving. There was a small strength practical
significance, meaning the treatment class students were equal to or less than about 60% of the
control class students in terms of having confidence to solve problems in many different ways
(see Figure 3.5).

4.2.6.3 Pre-TEAS Item 20
Pre-TEAS Item 20 states “In my everyday life, I am able to solve problems well,” 67% of
the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 20 scores (i.e. µTreatment = µControl).
Confidence to solve problems well in everyday life situations (before the treatment was
given) was lower for the treatment participants (3.3 ± 0.66) than to the control participants (3.4 ±
0.47) (see Table 4.42).

Table 4.42: Pre-TEAS Item 20 Means
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An independent-samples t-test (see Table 4.43) was run to determine if there were
differences in Pre-TEAS Item 20 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 20 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.088). The treatment group scored
higher on Pre-TEAS Item 20 (3.3 ± 0.66) than the control group (3.4 ± 0.47), however, the
difference was not statistically significant (-0.07 (95% Confidence Interval, -0.36 to 0.22) t(59) =
-0.471, p = 0.639, d = 0.12). The effect size of d = 0.12 suggests a low strength implication.

Table 4.43: Pre-TEAS Item 20 t-Test

The t-value for this data set is -0.471, and the significance is 0.639. The probability of
obtaining a t value of -0.471 or more extreme when the null hypothesis is true is 639 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) confidence than students in the control
class for solving problems well in everyday life. There was no practical significance.

4.2.6.4 Post-TEAS Item 20
Post-TEAS Item 20 states “In my everyday life, I am able to solve problems well,” 74%
of the participants responded to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 20 scores (i.e. µTreatment = µControl).
Confidence to solve problems well in everyday life situations (after the treatment was
given) was lower for the treatment participants (3.48 ± 0.53) than to the control participants (3.63
± 0.4) (see Table 4.44).
An independent-samples t-test (see Table 4.45) was run to determine if there were
differences in Post-TEAS Item 20 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 20 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.056). The treatment group scored
lower on Post-TEAS Item 20 (3.48 ± 0.53) than the control group (3.63 ± 0.4), however, the
difference was not statistically significant (-0.15 (95% Confidence Interval, -0.39 to 0.08) t(59) =
-1.290, p = 0.202, d = 0.33). The effect size of d = 0.33 suggests a small strength implication.

Table 4.44: Post-TEAS Item 20 Means

The t-value for this data set is -1.290, and the significance is 0.202. The probability of
obtaining a t value of -1.290 or more extreme when the null hypothesis is true is 202 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class have any more (or less) confidence than students in the control
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class for solving problems well in everyday life. There was a small strength practical
significance, meaning the treatment class students were equal to or less than nearly 63% of the
control class students in terms of having confidence to solve problems well in everyday life (see
Figure 3.5).

Table 4.45: Post-TEAS Item 20 t-Test

4.2.6.5 Pre-TEAS Item 23
Pre-TEAS Item 23 states “Solving problems is hard,” 70% of the participants responded
to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 23 scores (i.e. µTreatment = µControl).
Before the treatment was given, the treatment participants, on average, thought solving
problems was easy (2.99 ± 0.69) more so than the control participants, on average (2.96 ± 0.66)
(see Table 4.46).

Table 4.46: Pre-TEAS Item 23 Means
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An independent-samples t-test (see Table 4.47) was run to determine if there were
differences in Pre-TEAS Item 23 scores for the treatment and control groups. There was
homogeneity of variances for Pre-TEAS Item 23 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.766). The treatment group scored
higher on Pre-TEAS Item 23 (2.99 ± 0.69) than the control group (2.96 ± 0.66), however, the
difference was not statistically significant (0.03 (95% Confidence Interval, -0.31 to 0.39) t(59) =
-0.185, p = 0.854, d = 0.047). The effect size of d = 0.047 suggests a low strength implication.

Table 4.47: Pre-TEAS Item 23 t-Test

The t-value for this data set is -0.185, and the significance is 0.854. The probability of
obtaining a t value of -0.185 or more extreme when the null hypothesis is true is 854 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class think any more (or less) than the students in the control class
that solving problems is hard. There was no practical significance.

4.2.6.6 Post-TEAS Item 23
Post-TEAS Item 23 states “Solving problems is hard,” 79% of the participants responded
to the statement.
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H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 23 scores (i.e. µTreatment = µControl).
After the treatment was given, the treatment participants, on average, thought solving
problems were easy (2.95 ± 0.67) more so than the control participants, on average (2.89 ± 0.7)
(see Table 4.48).

Table 4.48: Post-TEAS Item 23 Means

An independent-samples t-test (see Table 4.49) was run to determine if there were
differences in Post-TEAS Item 23 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 23 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.633). The treatment group scored
higher on Post-TEAS Item 23 (2.95 ± 0.67) than the control group (2.89 ± 0.7), however, the
difference was not statistically significant (0.07 (95% Confidence Interval, -0.29 to 0.42) t(59) =
0.374, p = 0.710, d = 0.1). The effect size of d = 0.1 suggests a low strength implication.
The t-value for this data set is 0.374, and the significance is 0.710. The probability of obtaining a
t value of 0.374 or more extreme when the null hypothesis is true is 710 times out of 1000. This
means there was not a statistically significant difference between the means (p > 0.05), and
therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
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students from the treatment class think any more (or less) than the students in the control class
that solving problems is hard. There was no practical significance.

Table 4.49: Post-TEAS Item 23 t-Test

4.2.7

Engineering Difficulty
This theme demonstrates student perception of the difficulty of engineering activities.

The TEAS item within this theme is 29: “To become an engineer, you have to take hard classes.”

4.2.7.1 Pre-TEAS Item 29
Pre-TEAS Item 29 states “To become an engineer, you have to take hard classes,” 67%
of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Pre-TEAS Item 29 scores (i.e. µTreatment = µControl).
Before the treatment was given, the treatment participants, on average, thought that to
become an engineer, you must take hard classes (2.75 ± 0.54) less so than the control
participants, on average (3.05 ± 0.77) (see Table 4.50).
An independent-samples t-test (see Table 4.51) was run to determine if there were
differences in Pre-TEAS Item 29 scores for the treatment and control groups. There was not
homogeneity of variances for Pre-TEAS Item 29 scores for the treatment and control groups, as
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assessed by the Levene’s test for equality of variances (p = 0.044). The treatment group scored
higher on Pre-TEAS Item 29 (2.75 ± 0.54) than the control group (3.05 ± 0.77), however, the
difference was not statistically significant (-0.29 (95% Confidence Interval-0.63 to 0.05) t(59) = 1.716, p = 0.092, d = 0.437). The effect size of d = 0.437 suggests a small strength implication.

Table 4.50: Pre-TEAS Item 29 Means

Table 4.51: Pre-TEAS Item 29 t-Test

The t-value for this data set is -1.716, and the significance is 0.092. The probability of
obtaining a t value of -1.716 or more extreme when the null hypothesis is true is 92 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
students from the treatment class think any more (or less) than students from the control class
that hard classes must be taken in order to become an engineer. There was a small strength
practical significance, meaning the treatment class students were equal to or greater than nearly
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67% of the control class students in terms of believing that hard classes need to be taken in order
to become an engineer (see Figure 3.5).

4.2.7.2 Post-TEAS Item 29
Post-TEAS Item 29 states “To become an engineer, you have to take hard classes,” 66%
of the participants responded to the statement.
H0: There is no significant difference between treatment group and control group mean
Post-TEAS Item 29 scores (i.e. µTreatment = µControl).
After the treatment was given, the treatment participants, on average, thought that to
become an engineer, you must take hard classes (2.86 ± 0.6) less so than the control participants,
on average (2.9 ± 0.68) (see Table 4.52).

Table 4.52: Post-TEAS Item 29 Means

An independent-samples t-test (see Table 4.53) was run to determine if there were
differences in Post-TEAS Item 29 scores for the treatment and control groups. There was
homogeneity of variances for Post-TEAS Item 29 scores for the treatment and control groups, as
assessed by the Levene’s test for equality of variances (p = 0.533). The treatment group scored
lower on Post-TEAS Item 29 (2.86 ± 0.6) than the control group (2.9 ± 0.68), however, the
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difference was not statistically significant (-0.04 (95% Confidence Interval, -0.37 to 0.29) t(59) =
-0.248, p = 0.805, d = 0.06). The effect size of d = 0.06 suggest a low strength implication.

Table 4.53: Post-TEAS Item 29 t-Test

The t-value for this data set is -0.248, and the significance is 0.805. The probability of
obtaining a t value of -0.248 or more extreme when the null hypothesis is true is 805 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
the students from the treatment class think any more (or less) than the students from the control
class that hard classes must be taken in order to become an engineer someday. There was no
practical significance.

4.2.8

Total Pre-TEAS Score
H0: There is no significant difference between treatment group and control group mean

Pre-TEAS total scores (i.e. µTreatment = µControl).
The treatment participants had higher attitudes towards engineering (before the treatment
was given) (41.91 ± 4.51) than to the control participants (41.63 ± 4.52) (see Table 4.54).
An independent-samples t-test (see Table 4.55) was run to determine if there were
differences in Pre-TEAS Scores for the treatment and control groups. There was homogeneity of
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variances for Pre-TEAS Scores for the treatment and control groups, as assessed by the Levene’s
test for equality of variances (p = 0.870). The treatment group scored higher on the Pre-TEAS
survey (41.9 ± 4.5) than the control group (41.6 ± 4.5), however, the difference was not
statistically significant (0.28 (95% Confidence Interval, -2.04 to 2.59) t(59) = 0.239, p = 0.812, d
= 0.06). The effect size of d = 0.06 suggests a low strength implication.

Table 4.54: Pre-TEAS Total Score Means

Table 4.55: Pre-TEAS Total Score t-Test

The t-value for this data set is 0.239, and the significance is 0.812. The probability of
obtaining a t value of 0.239 or more extreme when the null hypothesis is true is 812 times out of
1000. This means there was no statistically significant difference between the means (p > 0.05),
and therefore, we fail to reject the null hypothesis. Essentially, there is not enough evidence that
the attitudes towards engineering for students from the treatment class are any higher (or lower)
than students from the control class. There was no practical significance.
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4.2.9

Total Post-TEAS Score
H0: There is no significant difference between treatment group and control group mean

Post-TEAS total scores (i.e. µTreatment = µControl).
Engineering (after the treatment was given) was more engaging to the treatment
participants (44.1 ± 4.4) than to the control participants (41.1 ± 4.6) (see Table 4.56).

Table 4.56: Post-TEAS Total Score Means

An independent-samples t-test (see Table 4.57) was run to determine if there were
differences in Post-TEAS Scores for the treatment and control groups. There was homogeneity
of variances for Post-TEAS Scores for the treatment and control groups, as assessed by the
Levene’s test for equality of variances (p = 0.989). The treatment group scored higher on the
Post-TEAS survey (44.1 ± 4.4) than the control group (41.1 ± 4.6), the difference was
statistically significant (2.92 (95% Confidence Interval, 0.61 to 5.24) t(59) = 2.530, p = 0.014, d
= 0.65). The effect size of d = 0.65 suggests a medium strength implication.
The t-value for this data set is 2.530, and the significance is 0.014. The probability of
obtaining a t value of 2.530 or more extreme when the null hypothesis is true is 14 times out of
1000. This means there was a statistically significant difference between the means (p > 0.05),
and therefore, we reject the null hypothesis, and accept the alternative hypothesis. Essentially,
the statistics show that the attitudes towards engineering for students from the treatment class are
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any higher than students from the control class. There was a medium strength practical
significance, meaning the treatment class students were equal to or greater than nearly 74% of
the control class students in terms of their overall attitudes towards engineering.

Table 4.57: Post-TEAS Total Score t-Test

Qualitative Data – Observational Field Notes & Focus Group Interview
The TEAS Survey provided different themes that gauge attitudes towards engineering
(Cook, 2009, p. 27). Seven themes were used to analyze field notes and the focus group
interview. The seven themes were Engineering Learning Interest, Engineering Career Interest,
Importance of Contribution to Society, Multidisciplinary Relationships, Problem-solving
Connection, Problem Solving Confidence, and Engineering Difficulty.

4.3.1

Engineering Learning Interest
During the “Simple Machines” day, the students practiced manipulating gears, pulleys,

levers, wheels and axels. They became excited as they learned how these simple machines make
tasks easier for them because they were quickly making connections with simple machines that
they have recognized in everyday technology (Appendix A). At the end of the lesson, the
teachers introduced the students to an electric bike to prime them for following activities in the
unit. At the beginning of the second day, students remembered talking about the electric bike,
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and they were ready to make connections to electric bikes in the “Power and Energy” lesson by
applying what they learned to coming up with solutions to make a bike more efficient by adding
electricity to control the work of the simple machines in the bike (Appendix B). During the
power and energy activity, students were put in groups to construct a fan-powered foam board
with magnets on the bottom. The fan-foam board would levitate and propel itself along a flat
Maglev track if it was constructed correctly. The students were excited to start constructing their
fan-boards, and they all worked well in their teams. As the activity picked up, the engineering
design process was evident as the students were creating their fan-boards, trying them on the
Maglev track, then reworking their fan-boards as needed. It was evident that students loved the
activity as they ran back and forth from the Maglev track and their work desks, and as they were
excited to see how the designs of other groups worked (Appendix B).
After being taught about different types of bike lanes and how Mapleton City, Utah lacks
in bike lanes, the students expressed confidence in their ability to create solutions for their city
(Appendix F). Students were placed in collaborative groups to make short presentations to share
these solutions. Within a few minutes, some groups had elaborate presentations already started
and were even wanting more time to finish collecting their ideas (Appendix F).
The students in the focus group were asked about their interest in taking engineering
classes. The students loved the new experience and recognized how engineering helps people, as
well as being more excited to learn skills to help them with future experiences. Before the unit
and activities, most students were not interested or even aware of taking classes about
engineering. Afterwards though, students in the focus group expressed interest in taking
engineering classes, even suggesting that students should start learning about engineering in
earlier grades (Appendix H).
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4.3.2

Engineering Career Interest
When the students in the focus group interview were asked about their career preferences

for when they are older, the first student responded: “I want to be an engineer. I wanted to be an
engineer before, but now I want to even more,” (Appendix H). The next student stated that they
would be open to be an engineer although they were more interested in animation; they also
expressed that before they didn’t think that it would be fun, and the engineering unit completely
changed what they think about engineering. One student shared that they would be interested to
be an engineer in almost anything, implying knowledge about various types of engineers. This
student also stated interest in paleontology and suggested that engineering can be involved in
paleontology. The other two students were undecided about their career preferences, but they
stated that engineering would be a fun career. Most of the five students were excited to use
principles of engineering in other jobs (Appendix H).
For the activity of building electric bikes, the students were placed in six groups of five,
and one bike was assigned to each group. As the students received their bikes in their groups,
they became excited to get started on the project. When they started attaching the throttles to the
handle bars and the battery powered wheel, a couple of students were excited because their
fathers were either engineers or electrical engineers, and they connected the task to something
that perhaps their fathers do at work every day (Appendix C). One student stated in the focus
group interview that they like engineering because of the fun activities, and they considered that
engineering would be good career (Appendix H).

4.3.3

Importance of Contribution to Society
When the engineering unit commenced, on the first day the students learned about simple

machines. They were eager to make connections with simple machines to technology that they
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had seen in the real world, such as cars, tractors, teeter-totters, light switches, etc. (Appendix A).
In the healthy living lesson on the fourth day of the unit, the students found pictures from
magazines that they thought represented healthy living. One student showed a picture of a person
using an exercise machine. This shows that the student may have made a connection from simple
machines to public health and engineering because people in the society use these machines to
improve their health (Appendix D).
When discussing bike safety, a student stated that helmets are important because they
protect the head from serious injury in the case of an accident (Appendix E). Perhaps the student
was aware that helmets are specifically designed and engineered to protect from fatal and serious
head injury.
Students learned about different types of bike lanes and all students in the class indicated
that the protected bike lane is the best type of lane design for society because it allows a place for
all to safely use the road (Appendix F). A student recognized that improving the bike lanes in
Mapleton would affect their choice to bike more around town (Appendix F). Students came up
with solutions for Mapleton City to present to the Mayor, and several of the groups wrote that if
the roads and bike lanes were engineered differently, then it would be safer for cars, bikes, and
pedestrians as all three would have their own space to use for travel (Appendix G; Appendix I).
During the focus group interview, the students were asked about how they felt before the
engineering unit and then how they felt afterwards. Before the unit, the students thought that
engineers just fix things, design and build things to make them better. After the unit, the students
said some of the same things, but they added that engineers invent things and improve things to
make them better for others. A student also acknowledged that almost everything was made by
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some type of engineer, implying that engineering connects to many different fields and
disciplines (Appendix H).

4.3.4

Multidisciplinary Relationships
Before the fan-board activity on Day 2, the students watched a demonstration of a foam

board without a fan attached on a sloped Maglev track. As the teacher held the foam board at the
top of the track, he asked the students what would happen if he released his grip on it. The
students replied that it would start going down the ramp, and the teacher asked why, to which a
student replied, “because you get it moving and then it will just keep moving,” (Appendix B).
This statement may suggest that the student understands principles of physics and connected
those principles to the engineering problem. At the end of the lesson, the students discussed what
they learned from the lesson and they talked about potential and kinetic energy and the
difference between the two. They also reviewed electrical energy and one student commented
that electrical energy can be used to provide power to help something move on flat ground (e.g. a
bike). This shows that the student made a connection of power and energy to the bigger scope of
the engineering unit: building electric bikes (Appendix B).
As the students searched for images that represent healthy things and choices, a student
showed an image of a person on an exercise machine. This find may show that the student
connected simple machines to engineering and public health, a combination of three disciplines
(Appendix D). At the end of the lesson, the treatment class discussed various components of
health and wellness such as physical, spiritual, environmental, academic, financial, social, and
emotional. One student summarized the lesson by explaining that each part of wellness is
important for a balanced and healthy life (Appendix D). A couple lessons later, the first day of
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civil engineering and city planning, the students used chalk and drew the different types of bike
lanes out behind the school. One group was assigned to draw a protected bike lane, and they
chose to draw trees as the protective barrier between car and bike traffic, showing a connection
with civil engineering and environmental health (Appendix F).
Towards the end of the engineering unit, a student in the focus group interview recalled a
connection that they made between the simple machines lesson and the power and energy lesson:
“When energy is connected to [a] simple machine, then it can work faster,” (Appendix H).
Another student in the focus group interview stated that almost everything we see and use is a
result of the work of engineers, because they plan, design, and create things to make them better
(Appendix H).

4.3.5

Problem Solving Connection
As the students learned about simple machines on the first day of the engineering unit, a

couple of different simple machine examples were presented to the students such as gears,
pulleys, levers, wheels and axels, etc. One student asked, “So does that modify the amount of
work you do? … Modify it for harder or less work?” (Appendix A). The teachers had only
recently and briefly mentioned the purpose of simple machines, and this student was quickly
making the connection that simple machines can be and have been used to solve engineering
problems to make life easier for others.
When students were shown a lever and fulcrum during one of four rotations (the other
simple machines were in the other rotations), they made their best guesses as to how the fulcrum
should be positioned on the lever (in relation to the load on one end) to make the task of lifting
the load easier. Some students observed and hypothesized that when the fulcrum is positioned
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closer to the load on the lever there is more board on the other side of the fulcrum, and it will be
easier to lift the load. One student mentioned that the more leverage on the side of the lever that
one would apply force to in order to lift the load, the easier it will be to lift (Appendix A). All
students who passed through the lever and fulcrum rotation walked away with understanding
how to solve problems such as lifting something heavy.
During the fan-board activity in the power and energy lesson on the second day, many
students faced minor problems with their fan-board design and construction, such as positioning
the wires well enough that they would reach the edges of the Maglev track. The students did their
best to work through the problems and make the product work. Some groups had their fan-boards
working well, but the fans randomly stopped working and the students took their product and
quickly assessed the issues, took it back to their work desks where they made some changes and
improvements. It was evident that they were excited about solving the problems that came up
because they all had an extra spring in their step as they went from the Maglev track to their
work desks and back again (Appendix B).
As the students learned about the solution for making a fan-board go on the flat ramp, a
student tried to make a connection with making bikes go faster. The fan-board problem was
solved with a fan attached to it and with electricity applied to the Maglev track that it levitated
on, which powered the fan as wires came in contact with the electrical edges of the Maglev track,
and the fan propelled down the track. Although the student was making good connections with
the content being taught that day, the teacher used the moment to explain that the fan could
propel someone on a bike if it was big enough and powerful enough to overcome the weight it
would have to push. The teacher added that the fan can propel the foam board because it is light
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(Appendix B). This showed that this student was trying to apply smaller lessons to the big goal
of constructing an electric bike.
After being taught about the different types of bike lanes, all students in the treatment
class preferred the protected bike lane. One student stated that the barrier included in the
protected bike lane is an extra protection for bikers because the barrier will protect bikers from
cars. The students also thought about solutions for thorns on the road that cause flat tires. They
suggested getting thicker rubber for tires and having the roads cleaned and cleared of all thorns.
One student even suggested that the protected bike lanes needed to have openings in the
barriers/buffers so that cars can turn into homes and businesses (Appendix F).
Students showed understanding of the problems in Mapleton, Utah when they came
back from spring break from Day 6 to Day 7 reporting on their homework assignment to look for
issues with the roads. They talked about the need for wider roads so a bike lane could be
included; cleaner roads so bikes don’t get thorns; a need for more signs to improve safety of the
roads; a need for smoother and complete sidewalks; potholes that need to be filled in; and a need
to repaint the lines (Appendix G). The teacher listed these issues on the white board and then
asked the students to share some solutions that would fix these issues. For cleaning the streets,
bike lanes, and sidewalks, students suggested using a streetsweeper, weed killer for those weeds
that produce thorns, and one student called back to environmental and public health when they
suggested that everyone throw their garbage away rather than on the side of the road. Students
were tasked with preparing presentations to share their solution proposals with the Mayor of
Mapleton. The topics were as follows: safety, complete streets, wider roads, street crossing /
crosswalks, sidewalks, cleaning and maintaining the roads. The complete street group said that it
is important to have a bike lane on each side of the road so that bikers can safely bike in
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opposing directions without having biker accidents. The cleaning and maintaining the roads
group suggested that trash cans could be placed throughout the city to encourage people to be
responsible for their own trash.

4.3.6

Problem Solving Confidence
During the rotations for the simple machines lesson, there were a couple of students who

passed through the lever and fulcrum station who demonstrated little confidence that a lever
would allow them to lift something heavy with ease. Although they were unsure that the outcome
of their efforts would be anything noteworthy, they were willing to try using a lever to
accomplish the task. The task was to lift the teacher (who was standing on one end of the lever)
by stepping on the lever. The hesitant students were in different groups, but they both had similar
experiences. The hesitant student put their confidence in the method to the test and stepped on
the lever. As the teacher was lifted with ease off the ground by the hesitant student, the
confidence level for using levers to solve problems involving lifting heavy things increased. All
students in each group were excited to try lifting the teacher with the lever and feel how easy the
task seemed to be, contrary to their original belief (Appendix A).
While all students were constructing their fan-boards for the Maglev track, there were a
couple of groups of students who approached the teacher with technical questions about the
assembly of the fan-board because they were not too sure of certain things. The teachers
provided them with some guidance. This showed that these students lacked a little bit of
confidence to figure out how to construct their fan-boards on their own. The guidance the
teachers gave them was helpful to give them the right push to figure out the rest of the
construction of the fan-board on their own. Some students just needed a little scaffolding to get
started (Appendix B). A student in the focus group interview said, “One friend got super
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frustrated when we were building the Maglev fan-boards, but now that she has had more
experience, she is less frustrated.” This shows that with a more experience in engineering
activities, students can feel more confident to solve problems (Appendix H).
During the construction of the electric bikes in the third day of the engineering unit,
there were four teachers who were supervising the six groups of students and helping them in the
process. The teachers provided scaffolding for the students to help them figure out how to
properly construct the bikes. Once the students were taught some skills, they ran with their new
skills and figured out how to attach the throttle to the handlebar and run the wire down to the
motor. There was one technical task that had to be done to every bike: a notch on the bike would
interrupt the battery from plugging in or unplugging from motor, and it needed to be cut off. The
teachers taught the students how to use a hacksaw to cut that notch off the bike, providing them
with gloves and safety glasses. It took a lot of cutting to remove, and so each student was able to
practice using the hacksaw (Appendix C).

4.3.7

Engineering Difficulty
In the focus group interview, the students were asked how they felt about the engineering

activities before they began. Two of the five students expressed that they thought that the
engineering activities would be hard at first. Perhaps they thought that engineering required
knowing advanced science; it is possible that they were thinking of bigger and more complex
machines rather than engineering with simple machines. Both students expressed that they were
glad that they could participate because they enjoyed the activities and learned more about
engineering (Appendix H).

79

5

CONCLUSIONS

Summary of the Research Question
The purpose of this study was to answer the question: how does designing and
implementing an engineering-based unit of instruction impact student attitudes toward
engineering for 6th graders? The study used mixed methods in order to answer this question.
The Technology and Engineering Attitude Scale (TEAS) survey instrument was used for
collecting and analyzing quantitative data. The final number of TEAS items that qualified for
statistical tests was 13: 1, 9, 10, 12, 13, 14, 18, 20, 23, 24, 25, 28, and 29. Each of these TEAS
items fit into one of seven categories: Engineering Learning Interest includes TEAS items 1, 12,
14, and 18; Engineering Career Interest includes TEAS items 10 and 13; Importance of
Contribution to Society includes TEAS Item 24; Multidisciplinary Relationships includes TEAS
Item 25; Problem-solving Connection includes TEAS Item 28; Problem Solving Confidence
includes TEAS items 9, 20, and 23; and Engineering Difficulty includes TEAS Item 29. These
categories or themes led a thematic analysis for the field notes and focus group interview for
qualitative data.
Overall, the impact of engineering unit had a statistically significant effect of improving
student attitudes and perceptions towards engineering. The students deeply enjoyed the
engineering unit, and it sparked a greater interest for engineering in the treatment class students.
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5.1.1

Engineering Learning Interest
The engineering learning interest category is associated with an interest in engineering in

general, an interest in learning more about engineering if such a class was offered at the school,
and a confidence to do well in such a class. After experiencing the engineering designed unit, the
treatment class had significantly higher interest than the control class in learning about
engineering both in general and in an engineering class. There was a medium strength practical
significance of this relationship, meaning that the treatment class students were equal or greater
than 71 – 75% of the control class students in terms of interest in engineering. It was evident in
the qualitative data that student interest in engineering was increasing with each activity in the
engineering unit. The students engaged in the engineering design process for various activities,
reworking their ideas as needed with a spring in their step. They showed interest in the work of
other groups as well.
The students in the treatment class also had higher confidence than the students in the
control class to do well in an advanced engineering class. There was a small strength practical
significance of this relationship, meaning the treatment class students were equal to or greater
than 62% of the students in the control class in terms of having the confidence to do well in an
advanced engineering class. The qualitative data showed that students in the focus group loved
the new experiences and learning skills to help them with future experiences as well as
recognizing how engineering helps people. Many students expressed little interest in engineering
until afterwards. Students in the focus group even suggested that students should start learning
about engineering in earlier grades.
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5.1.2

Engineering Career Interest
The engineering career interest category is associated with interest in a job that involves

engineering experiences. This category includes motivation for an engineering-related job
because of the pleasure and joy of practicing engineering. More students in the treatment class
than in the control class were interested in engineering-based career, although it was not a
statistically significant difference. However, the data was practically significant meaning that the
treatment class students were equal to or greater than 60 – 68% of the students in the control
class in terms of their interest in an engineering-related career. From the focus group interview, it
was evident that some students were excited while building the electric bikes because they were
reminded of their fathers’ careers which are associated with engineering. When the students in
the focus group interview were asked about their career preferences for when they are older,
some of them were undecided, but they stated that engineering would be a fun career. Most of
the five students were excited to use principles of engineering in other jobs. One student became
interested in engineering careers because they associated it with the activities that they enjoyed
in the engineering unit.

5.1.3

Importance of Contribution to Society
The importance of contribution to society category is associated with the perception that

engineering brings about good things for the society. More students in the treatment class than in
the control class thought that engineering brings about good things for the society, however the
difference was not statistically significant. There was a small measure of practical significance in
this relationship, meaning that the treatment class students were equal to or greater than 69% of
the students in the control class in terms of perceiving the good that engineering does for the
society. During the engineering unit, as students learned new content, they made connections
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with engineering and familiar technology that they have seen and used. The connections they
were making were about how technology helps with travel, play, safety, and other useful things.
The students learned about different types of bike lanes and how they benefit society; they
identified protected bike lanes as the best contribution to society and proposed that it would help
Mapleton improve in safety. Students showed understanding that engineers improve and invent
things to make life easier for all.

5.1.4

Multidisciplinary Relationships
The multidisciplinary relationship category is associated with recognizing how

engineering connects to other disciplines. More students in the treatment class than in the control
class recognized that other disciplines relate to engineering, however the difference was not
statistically significant, nonetheless the results were calculated to be practically significant
meaning the treatment class students were equal to or greater than 67% of the students in the
control class in terms of recognizing how other disciplines can relate to and use engineering. The
students made connections with engineering and various disciplines, such as physics, power and
energy, public health and wellness. A student in the focus group interview made a connection
between simple machines, power and energy, which were the first two lessons in the engineering
unit, ultimately leading up to building the electric bikes. Another student made the remark that
almost everything is a result of the work of engineers.

5.1.5

Problem Solving Connection
The problem-solving connection category is associated with the perception that problem

solving is an essential part of engineering. More students in the control class than in the
treatment class thought that problem-solving has something to do with engineering, however the
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difference was not significant. There was a small strength practical significance, meaning the
treatment class students were equal to or less than 66% of the students in the control class in
terms of perceiving that problem-solving is a part of engineering. As the students in the treatment
class progressed through the engineering unit, they quickly made connections with the content to
solving various problems, including applications to improving bikes and roads. By the end of the
unit, the students made presentations that they shared with the Mayor of Mapleton and they
discussed various solutions and suggestions about how to improve the City of Mapleton to make
it safer for cars, bikers, and pedestrians. In preparation for these presentations, the students
worked well with each other to make connections to various parts of the unit, and they formed
great solutions to improve their city using engineering.

5.1.6

Problem Solving Confidence
This category rates confidence for solving problems. More students in the control class

than in the treatment class rated themselves with a higher confidence for solving problems well
in various ways, however the difference was not significant. There was a small strength practical
significance, meaning the treatment class students were equal to or less than 60 – 63% of the
students in the control class in terms of rating their own problem-solving confidence. Some
students were excited to participate in the engineering activities, even though it was something
new for them. Many students lacked confidence to jump in and experience some of the activities
and needed a little scaffolding to send them on their way. As the students had more engineering
experience, they were more confident to participate and solve problems on their own.
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5.1.7

Engineering Difficulty
This category shows student perception for the difficulty of becoming an engineer.

Slightly more students in the control class thought that the pathway to become an engineer is not
too difficult. Although, the difference was neither statistically nor practically significant. Two of
the five students in the focus group expressed that they thought the engineering activities would
be hard at first. Both students expressed that they were glad that they could participate in the end
because they enjoyed the activities and learned more about engineering.

Credibility of Study
To ensure the accuracy and credibility of this study’s results, the researchers used
prolonged engagement of participants and triangulation of methods. The benefit of prolonged
engagement with the participants is to witness the various experiences they have over a
consistent and extended period. Triangulation demonstrates credibility because it combines two
methods together where they can be compared in the same analysis.
6th grade student participants experienced prolonged engagement beginning with the PreTEAS Survey and ending with the Post-TEAS Survey. The treatment class participated in a
seven-day study over the course of 43 days. Each of the seven days was approximately 1 to 1.5
hours long, and the unit covered the engineering design process, introduced mechanical
engineering, civil engineering, and public health. The students recalled knowledge about each
engineering unit day from previous days as the teachers reviewed with them. They were given
assignments outside of class to think about the principles taught. This allowed an extended
period where students consistently received instruction and could apply concepts step by step.
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Students could start making new connections on their own to ensure a steady rate of learning
throughout the unit.
A triangulation mixed methods design was used to support the credibility of the study. By
combining and comparing qualitative and quantitative methods, data was explained by different
design perspectives (Creswell, 2008, p. 564). The seven themes about attitudes towards
engineering that were measured in the quantitative data (e.g. Engineering Learning Interest,
Engineering Career Interest, etc.), were analyzed in the qualitative data, providing narrative
information that supported statistical findings of the student attitudes and perceptions. The data is
accurate and credible by showing that the findings from the TEAS reflect in the field notes and
the focus group interview feedback (Creswell, 2008, p. 266).

Limitations & Delimitations

5.3.1

Limitations
Several limitations of this study were acknowledged and recognized. Four of the

limitations were that not all 61 participants responded to every TEAS item on the pre- and postsurveys, the treatment and control groups were not randomly gathered, some of the teachers did
not have experienced management and teaching skills, and the moderator did not have much
experience moderating focus group interviews. Each limitation will be discussed below.
As results for both the Pre-TEAS and Post-TEAS surveys came in, the researchers found
that not one of the 32 TEAS items had 100% respondents. The TEAS results were not as
complete as was hoped for by the researchers. There were many blank responses and therefore,
missing values on various TEAS items and from various students. The meaning of the missing
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values was unclear as it could have meant a lack of interest in engineering, survey-taking fatigue,
or honest mistakes.
The study was a convenience study because the treatment and control groups were not
randomly gathered. The groups came from two 6th grade classes at Mapleton Elementary, and
both groups were available and willing to participate in the study.
It is possible that a professional educator would have more practice with engaging
students and enhancing the learning process for the students. Seasoned educators more likely
have created management systems to help engage all students, as well as developed teaching
methods and skills that have been shaped by experience. This study may be limited because the
teachers may not have had much experience in management and teaching skills.
The focus group interview possibly could have been more fruitful for the researchers if
the moderator had more experience for reading the students and pursuing more response from
less active participants. One student in the focus group interview was frequently the last one to
respond to the questions, therefore, many of their responses consisted of agreeing with what
other students had responded.

5.3.2

Delimitation
One delimitation that the researchers had was that the TEAS items were only statistically

analyzed if 60% of the participants responded to them. Each TEAS item that was left
unanswered was filled in with the mean response for the respective item. The researchers
decided not to use TEAS items that were not adequately responded to (boundary of 60%
responses or higher) because the data would not have been as reliable if more than 40% of the
missing values were filled in with the mean. The mean that would fill in missing values may not
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accurately reflect every student’s attitude towards engineering. The actual number of TEAS
items that were used for statistical analysis for this study was 13 because each item had to have
60% responses on both the Pre-TEAS and Post-TEAS surveys. For example, TEAS Item 1 was
used in the analysis of this study because it was responded to with more 60% or more of the
participants on both the Pre-TEAS and Post-TEAS surveys (see Table 5.1).

Table 5.1: Percentage of Respondents for the Analyzed TEAS Items
Pre-TEAS Items

% of Participants that
Responded

Post-TEAS Items

% of Participants that
Responded

1

67

1

69

9

74

9

66

10

85

10

64

12

62

12

69

13

85

13

90

14

61

14

84

18

84

18

90

20

67

20

74

23

70

23

79

24

75

24

77

25

61

25

62

28

74

28

66

29

67

29

66

Recommendations
If this study was to be replicated, one thing that the researchers would recommend would
be to choose one of the eight themes that were discussed (Engineering Learning Interest,
Engineering Career Interest, etc.), and focus the study on the one theme. That would include less

88

survey questions and more attention for a theme like the effect that engineering unit has on
student’s career interest. A study could be done to observe student confidence changes with
engineering experience. It was insightful to analyze seven themes in this mixed methods study.
There is certainly more to learn about each individual theme.

Contributions
In recent years, STEM education has become an important economic factor in all
countries (Kennedy & Odell, 2014). Building student interest in STEM is essential as they are
the future STEM workforce. At present, most countries focus their STEM education on science
and mathematics. This is problematic because it under values the implementation side of these
two content strands. The integration of engineering experiences is crucially important because it
can “contextualize mathematics and science principles to enhance achievement, motivation, and
problem solving (English, 2015, p. 2). This study contributes to the limited amount of research
completed on the topic of involving younger grades in engineering education and activities
(English 2015, p. 4). This study demonstrated that an engineering unit of instruction with
problematized content is an excellent instructional technique to promote STEM interest,
confidence, and learning.
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APPENDIX A.

DAY 1 – SIMPLE MACHINES

This observation took place in the 6th grade treatment class on March 8, 2019, in the
afternoon from 2:00 – 3:00 pm.
Students were quietly listening and engaged to the initial instruction
Teacher asked, “Does anyone know what a simple machine is?”
Student points out the mechanical air freshener in the classroom; Teacher responds, “That
is a machine, but it is complex.
Student points out electric pencil sharpener; Teacher validates response and again points
out it is another complex machine.
Teacher redirects question to “Think of something more basic. For example, a bike is not
a simple machine, but it is made of simple machines.”
Student comment on machine example---------------(inaudible); Teacher says that includes
a simple machine that is called an inclined plane because it is a flat surface that is on an angle.
Student points out pulley system; Teacher confirms it is a simple machine, gives what is
called mechanical advantage, “I put in some effort, and I get more out of it.”
Teacher gives definition of simple machine: “Any basic device that modifies the motions
or amount of energy I put in to do work.”
Teacher gives students a signal to indicate whether they have questions or
understandings. For example, raised hand means I have a question; two raised hands means I
have no idea what you’re talking about.
Teacher presents about wheel and axle simple machines (roller blades/skates, bikes,
skateboards, etc.)
Student: “So, does that modify the amount of work you do? So, modify it for harder or
less work?”
Teacher: “Yes. It can go both ways.
Student: “How does it make it harder?”
Teacher: “So we’ll see in a little bit when [one of our teachers] teaches you about levers.
But levers sometimes you have to put in a lot of work to move something a far distance.” -------------------- Teacher also explains pulley system and asks students for examples of these simple
machines (wheel/axle, pulleys, levers, gears, inclined plane, wedge, screw) seen in real life.
Student: “Wheels on a car.”
Teacher: “Have you ever sat in a wheelchair and tried to go upstairs? Does it work? What
do you have to use?”
Student: “You can use rope to pull them up the stairs.”
Teacher: “What else could you do?” Prompts students to identify ramps by stairs for
wheelchairs. “Ramp is another name for inclined plane and makes it easier to get up the stairs.
You don’t have to do as much work.”
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-----------------------All students were looking at the teacher, engaged as he was talking about various basic
simple machines
Teacher asking about gears and if students have seen them before
Students: “On a tractor.” Teacher validates. “Car.” Teacher validates.
Student: “On a rube Goldberg.” Teacher validates.
Teacher explains lever with fulcrum
Student points out light switch is lever; Teacher validates.
Teacher explains pulleys with examples (weightlifting machine); like a wheel with string
or cable.
Teacher separates class into 4 groups for a rotation to learn about lever, pulley, gears,
wheel and axle.
26/30 students present, 6-7 in a group nearest
Students have 5 mins to learn about each
First rotation of four:
Teacher: This is the lever station. (Has students gather in a semi-circle on the floor)
Teacher presents a pipe with a board for a lever simple machine.
Putting the pipe and the board together to form a lever, the teacher points out the pipe that
the board pivots on and asks: “Can anyone tell me what this part of the lever is?”
Student: It’s that thing that [the other teacher] just talked about.
Teacher: Right! It started with an “F,” does anyone remember? (Students didn’t
remember but made guesses) Close! It is called the “fulcrum.” If the fulcrum was on its own and
the board was on its own, this would just be a board, and this would just be a fulcrum. But we
put them together and we have a simple machine called a lever. This fulcrum is the point at
which the lever bends and moves.
Teacher: Does anyone know what a lever is used for?
Student: Flicking a switch.
Teacher validates.
Student: You can put something on this side and then when you move it, it flicks
something.
Teacher: Yeah, light switches are kind of like levers. You can flip a switch and it turns a
button. What else can a lever do?
Student: To play on.
Teacher: Yeah, do you guys have a teeter-totter on your playground? You saw those
elephants on the PowerPoint doing the backflips on the teeter-totter, right? You can play on
teeter-totters!
(Teacher picks up a block of wood): I would like you guys to lift this and pass it around.
Teacher passes around a big block of wood, so students could feel how heavy it was.
Teacher: It’s not super heavy, but you can feel that it is a little heavy, right?
Teacher: A lever helps us to lift things that are heavy. (Places the block on the lever and
demonstrates using the lever to lift the block by pushing down on the other side of the lever to
raise the block)
Teacher: Here all of you see how it feels to lift the block by pushing down on the lever.
All students give it a try and experience using the lever to raise the block up.
Teacher: What will happen if I change position of the fulcrum?
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Student indicates that putting the fulcrum farther away from the heavy block will make it
harder to lift.
Teacher: Why do you think that?
Student: Because there is a lot more weight on that side, and the board is not even.
Teacher: Yeah! It’s not even! There is more weight on one side of the fulcrum because
more board is on this side, and less board on the other side.
Student: Also, this side is closer to the ground (indicating the length of the board on the
longer side of the fulcrum)
Student: There is less leverage on the short side of the fulcrum.
Teacher: Leverage! Very good! A lever helps us to have better leverage to lift things. I
want you all to try lifting this now, and see how hard that is (Block was positioned on the longer
side of the fulcrum, and students pushed down on the short side of the fulcrum)
Teacher: Now, what do you guys think was harder? Lifting the block with your hands,
lifting the block with the lever with the fulcrum in the middle, or lifting the block with the block
on the long side of the fulcrum?
Student: With the fulcrum in the middle.
Teacher: It was hardest when the fulcrum was in the middle?
Students: No. It was easiest in the middle.
Teacher: Oh, it was easiest when the fulcrum was in the middle. Which was hardest?
Students all indicate when the block was on the long side of the fulcrum.
Teacher: Good! Ok, what do you think will happen when we put the fulcrum over here?
(moves the fulcrum closer to the side where the block load is)
Student: It’s gonna be a lot easier. You will have more leverage.
Teacher: We will have more leverage? What does that mean?
Student: The board is higher, there is more board on this side of the fulcrum.
Teacher: Yeah, there is more board on this side, and you just have to push the end down
to lift the short side. So, it is going to be what? Harder? Or easier?
Students: Easier.
Teacher: Ok, let’s give it a try. (Allows students to try the lever with the repositioned
fulcrum closest to the block load to be lifted)
Students: Wait, so are all levers like this one? Or do they have the fulcrum in the
middle?
Teacher: Well, depending on what you are trying to do, you can change the position of
the fulcrum. If you need to lift something really heavy, where would you want to put the
fulcrum?
Students indicate putting the fulcrum close to the load that is to be lifted.
Teacher: Now, if you just want to lift something that is not too heavy, are you going to
need the fulcrum in the same position?
Student: Well, it would be easier.
Teacher: It would be easier, but does it really matter when it is a light object?
Students showed that they were following and that they understood.
Teacher: Now we’re going to try something CRAZY! Do you guys think that you could
lift me up?
Students: Ummm, maybe!
Teacher: Do you think that would be possible? I am pretty heavy… Do you know how
much I weigh?
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Students: hmmm…
Teacher: I’m not going to tell you that, but I am heavy! If you were to lift me up, where
would you want me to be on the lever?
Student: Right there, close to the fulcrum.
Teacher: Should we try it? Who wants to try it?
Student: ME!
Teacher positioned himself on the lever and instructed the student to step on the other
side of the lever to attempt lifting the teacher with the lever. Student lifted the teacher, all
students in the group were excited about what the student accomplished.
Teacher: Ok, now if I was on the other side of the lever, could you lift me then?
Teacher re-situates himself, and student attempts to lift him with no success. All students
laugh at the failed attempt. The way that a lever works seems to click with the group.
Teacher: So, what is the most important that you learned about a lever? What does a lever
do for you?
Student: I learned what a fulcrum is!
Teacher: What is a fulcrum?
Student: It’s where the lever tilts and pivots.
Teacher: Yeah! (Looking at the others in the group) Do you guys agree?
Students: Yes!
Teacher: Awesome! So where would you put the fulcrum if you were going to lift
something heavy?
Students identify a point on the lever board close to the load. The groups rotate.
Second rotation of four:
Similar questions and principles taught by teacher.
Teacher: What do we use a lever for?
Student: Probably to lift something up that’s heavy.
Student: To see which one is heavier (like a scale).
Teacher: Why do you think it will be harder to lift the block when the fulcrum is
positioned away from the block load?
Student: Because there is more board and weight on that side of the fulcrum.
Teacher: Now why would it be easier to lift the block when it is positioned like this?
(fulcrum placed close to the block load).
Student: Because there is a little more weight on this side now, so it is easier to lift the
block.
Teacher: So, what do you guys think the most important lesson that we learn of levers
and fulcrums is?
Student: Knowing how to use them.
Teacher: Ok, how would you use a lever with a fulcrum to lift something heavy? Where
would you want to place the fulcrum?
Student points to the end closest to where the load is.
Third rotation of four:
Similar questions and principles taught by teacher.
Teacher: What do you think we use levers for?
Student: To move stuff far distances.
Teacher: Not exactly, we are not really moving things. I could use this pipe to roll this
block a little farther, but this will typically just sit here.

96

Student: You can weigh things.
Teacher provides the see-saw example.
Teacher: We can weigh things with a lever, but what is the work that a lever does for us?
Student: Lift heavy things.
Teacher: That’s right! That is exactly what we are going to do.
Students were excited about learning about using a lever to make a load lighter to lift.
Students lifted teacher with one foot using the lever. Students were excited about this
accomplishment.
Teacher: What was the main lesson that you learned about levers and fulcrums?
Student: Put the fulcrum at the end that has the most weight.
Fourth rotation of Four:
Similar questions and principles taught by teacher.
Teacher: What do you think we use a lever for?
Student: Switching a light switch, like if there is a path for electricity, you can turn things
on and off so that the path connects.
Teacher: Yeah, like a light switch, when you flip a switch, it connects the power so that
we have lights. What else could we use a lever for?
Student: Like leverage, say you take an object like this and put it on the board, and with
leverage, you can lift it up from the other side.
Teacher: Exactly! Yeah, with leverage, it is easier to lift things! This is a machine that
helps us. Machines will always help us to complete a task in an easier way. If a lever lifts
something, then it does it in a way that is easier for us.
Teacher: How can we make this easier to lift?
Student: If we give more space on this end of the fulcrum.
Student: But if we put the fulcrum in another spot, it may not help as much.
Teacher: So, you found that it was easier to lift the load when the fulcrum was placed
right here. Do you think that you could lift something even heavier when the fulcrum is right
here on this end of the lever?
Student: Maybe… It depends on how heavy it is.
Teacher: What if it is as heavy as me?
Students: Ummmmmmm…
Teacher: Do any of you want to try?
Student: Maybe… I’ll… I’ll try.
Students were excited when they saw they could lift the teacher.
Teacher: So, let me ask you this one thing really quick, what was the most important
thing that you learned about levers?
Student: It is easier to lift something when the fulcrum is closer to the heavy object.
End of rotations.
Teacher: Ok, now we are going to talk about how we use the simple machines on the
bike. Why do we use simple machines again?
Student: So that we can make our jobs easier when we have to do them.
Teacher: Exactly! They make our jobs easier and help us become more efficient. It makes
things easier, we put in less work and we get more out of it. Now we are going to go back to the
bike by [the other teachers] in the back of the room and point out the simple machines that we
can see on the bike.
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Class gets back together as a whole group. One teacher directs the class to another
teacher at the back of the room who has a bike with him and has the class gather around the bike.
The students observe and identify simple machines on the bike. Whole class surrounds the bike,
all students are chattering. Students in the back of the group are talking and disengaged. Students
closest to the bike are anxiously pointing out simple machines, all at the same time, class out of
control. Teachers would have done better with expectations set in place for this part of the lesson
(have students sit down in the front so others can see in the back; have students raise their hands,
etc.).
Teacher: Hey, when you point one out, instead of saying “that’s an axle and that’s a
gear,” point them out and tell us why.
Student: There is an axle so that when the wheel spins, you get more distance.
Teacher tests students about wheel size and distance.
Teacher: Any other simple machines?
Students: There are gears and pulleys.
Student: I would count this as a lever (points at the pedals)
Teacher: You’re right! So where are you putting the power?
Students: In the bike.
Teacher: Yeah, you push down, and that gives it energy, and that energy is being
transferred to the gears, and then to… (waits for students to guess)
Students: the wheels.
Teacher: So how many of you like to ride bikes?
All students raise their hands.
Teacher: Is it faster or slower than walking to school?
Most students said faster, some said slower.
Teacher: On Monday, we’re going to come back, and we are going to start talking about
power and energy. It is really easy when you have simple machines to make your bike move,
right? But what if you are going up a hill and you get tired? Do you want to keep moving?
Students: No.
Teacher: No, you are probably going to have to stop and rest, right? But then, what if you
do something like this… (teacher lifts bike off the ground and activates the throttle on the
electric bike to show the students how the electric bike drives the tire) … and put an engine on
it?
Students were excited!
Teacher: So, who is doing the work?
Students: The engine!
Teacher: So, on Monday, we will talk about Power and Electricity and we will teach you
about electric motors. And in a few weeks, you guys will get to build something like this electric
bike, and you will get to try it out.
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APPENDIX B.

DAY 2 – POWER AND ENERGY

This observation took place in the 6th grade treatment class on March 11, 2019, from 9:00 –
10:00 am.
Review of Simple Machines
Teacher 1: How are gears helpful?
Student: They help you move the wheels.
Teacher 1: Ok, they help you move the wheels, so less effort.
Student: Wheels and pulleys. Pulleys help you lift things easier, and wheels help you with
faster transportation.
Teacher 1: Ok, good!
Student: Levers. They can help you lift heavy things.
Teacher 1: Ok, good! When you put in less effort, you can lift a heavy object, right?
[Students nod in agreement]
Teacher 1: Ok, so today, remember how we ended last time? What was the last thing that
we looked at on Friday?
Student: The electric bike.
Teacher 1: The electric bike, right! So today, we are going to talk about power and
energy and how we can harness that power and use it to our advantage so that we have to do less
work, because when we use electricity, then the electricity in the motor does the work for us. So,
we will have you all come and make a big circle around Teacher 2 in the back and he is going to
teach you about kinetic energy.
Students move to the back of the room around Teacher 2 and two maglev ramps.
Teacher 2: Hi everyone, so we talked about energy, but before we start, I want to
introduce you to Teacher 4, she will be helping us out today and she will be teaching you in a
week or two about health and stuff.
Teacher 2: Power is what we see all around us with light, it helps us to see in the dark.
What we are going to learn about today is converting energy. So, on a bicycle, how do we make
the bike move?
Student: The wheels and the gears.
Teacher 2: Those are simple machines that make it easier, but how do we make the bike
move?
Students call out.
Teacher 2: It could be electricity, pedals, your legs, right!
Student: Pulleys.
Teacher 2: Pulleys are simple machines that make it easier, but essentially, we put energy
into it with our legs, right? We push with our legs on the pedals, and then we get to move, so we
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get mechanical energy out of it. There are several different types of energy. There’s potential
energy, kinetic energy, electrical energy, and chemical energy. Do any of this sound familiar?
Have you learned about them before? [Teacher 2 assesses students’ responses] We have a couple
of “no-way-I’m-too-cool-for-school” [no response] and a couple who are saying “oh-yeah-I’ve
heard-of-that” [students nod heads].
Teacher 2 points at a student who nodded his head: Where have you heard one of those
before?
Boy student: Just, I guess, talking to my dad about other stuff.
Teacher 2: Ok, talking to your dad! Has anyone watched “Bill Nye the Science Guy?”
[All students answer in the affirmative] I watched that as a kid. Yeah, he talks about stuff like
that! First, we are going to talk about energy. Have you ever stood at the top of a hill on your
bike and rode down? Has anyone ever ridden down a hill on your bike? [Most students raise their
hands] Do you have to pedal as hard?
All students: No.
Teacher 2: Sometimes you don’t have to pedal at all, right? So, when we are up high
[demonstrating with a ramp and demonstrating with an object at the top of the ramp] we have
potential energy. That means that I have the potential to go down that hill, and I don’t have to put
in anymore energy. And later today, we’ll use these maglevs which are “magnetic levitation” and
we will see how we can convert energy into power; [motioning to the high end of the ramp] but
this end we have lifted up, right? So, this is kind of like you when you are standing on top of the
hill. You are up higher over here than you would be over there, right? [Students nod their heads]
Everybody gets that? This going to be you on your bike, ok, this is your bike [motioning to foam
board with magnets on the bottom corners] and if I put it here, what is it going to do?
Students can see the magnetic strips on the ramp and a student infers that the magnets are
going to repel each other.
Student: It’s going to float!
Teacher 2: First of all, yeah, it is going to float because I have magnets that oppose each
other so it will float. But I am going to put it right here, so it floats but also stays still. [Teacher 2
places the foam board in the position that he promised]
[Students clap, Teacher 2 bows]
Teacher 2: Thank you! But what happens if I give it a push?
Boy student: It will start going down the hill!
Teacher 2: Why would it start going down the hill?
Boy student: because you get it moving and then it will just keep moving.
[Girl calls out]
Teacher 2: What was that [calls student by name]?
Girl student: It will go down because it has potential energy.
Teacher 2: Because it has potential energy! Exactly! Up here, it has potential energy over
that position down there at the bottom. So why do you think it is not going down the hill right
now?
Student: It is stopped?
Student: Because it is stuck?
Student: Because there is no energy?
Teacher 2: No there is energy, it is ready to go down the hill. If I take this one sitting
right here [grabs another foam board with magnets] it has potential energy [drops it] it falls, it
WANTS to go to the ground.
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Student: Friction!
Teacher 2: Friction! Good! Yeah, it’s stuck on the wall right now, it just needs a little
push to get over that friction and then it should just slide down the hill. I’ll give it a little push,
and it should slide down [gently pushes the foam board and it slides down the maglev ramp].
That was you on your bike! You did it!
[Students clap]
Teacher 2: So now what happens when I come down here? [bottom of the ramp]
[students call out]
Student: It’s not going to move.
Student: It’s harder to move.
Student: It has no potential energy.
Teacher 2: Right! It has no potential energy compared to that side [motions to the top of
the ramp] there’s no height difference, so it is kind of stuck right there. But if I give it a little
push up the hill, then I give it some kinetic energy, kinetic is when it moves. So, at the top, we
took potential energy and gave it a little push and it slid and converted the potential energy into
kinetic energy or movement. But if I give this one a little push [gently shoves/pushes the foam
board up the ramp with a quick contact] it eventually comes to a stop [foam board stops
ascending and then falls back down the hill.
Boy student: The kinetic energy runs out.
Teacher 2: Right! The kinetic energy got wasted in friction. So, the friction took it away.
Boy student: But how can it have any friction when it is floating?
Teacher 2: Well it is floating on the bottom, but can you see how it is touching the sides
of the ramp there?
Student: oh!
Teacher 2: When it sticks along the sides, the friction slows it down. So, how can we
overcome that friction?
Student: Make the sides bigger?
Student: Lubricate the sides?
Teacher 2: We could lubricate the sides and lift it up and give it potential energy like that
one has.
Boy student: What happens when you push it from the bottom up?
Teacher 2: Push it from the bottom up? Do you want to try?
Boy student: It’s going nowhere!
Teacher 2: So eventually it ran out of kinetic energy and the potential energy won over
and brought it back down. So, what ways that we can overcome the friction? What are ways that
we can move on flat ground if we were on our bike?
Student: Electric pedals?
Teacher 2: Right? We could pedal, but that would essentially be me putting in physical
kinetic energy, so I could go like this and keep pushing it [the foam board] like I am pedaling,
producing energy to overcome the friction.
[Student notices the power source from the wall that connects to the ramp and suggests
using that power source] Student: You could turn on that thing!
Teacher 2: What’s “that” thing?
Student: It’s an electricity box.
Teacher 2: It’s an electricity box? It’s actually a power supply. What we could do is we
could put on a motor and we could make electricity because this thing has electricity coming out
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of the wall. If we put a motor on the foam board, then we can take advantage of that electricity.
This motor has a fan; it has a motor with a fan connected to it.
Student: How do we turn the fan on?
Teacher 2: We put electricity into the track…
Student: This will “blow” your minds!
Teacher 2: It will “blow” your minds [as he applies power to the track and touches the
ends of the wires of the motor to the sides of the track on the ramp and the fan begins to move.
All students: Whoooooa!
Student: It’s a fan boat! [referring to the foam board with the fan]
Teacher 2: So, we used electricity to do what?
Several students: Make it move!
Teacher 2: Right! We put electricity into the fan, which made it move, which gave it
kinetic energy over, and over, and over again, which is kind of like me pushing it.
Student: But it’s better…
Teacher 2: So, on a bike, if we put a motor on it, then I don’t have to push with my legs
all the time, right?
Student: Could you put a fan on a bike?
Teacher 2: You could… but it would have to be a really big fan to overcome you.
Students: Ooooooh! Spicy!
Teacher 2: And it would have to be an even bigger fan to overcome Teacher 1. Can you
imagine the fan driving the bike that Teacher 1 is riding? Because this foam board doesn’t weigh
so much, Teacher 1 weighs a lot more than this thing. So instead of doing a big fan, what we do
is put a motor on the wheel and it moves the wheel.
[Some students excited about the fan and the electricity, they were distracted and talking
about it while Teacher 2 was talking]
Transition to Activity
Teacher 2: So now what we’re going to do is you’re all going to get a chance to build one
of these things.
Students: Whoa!
Teacher 2: Doesn’t that sound fun?
All Students: Yes!
Teacher 2: Ok, go back to your seats and you and your desk partner will get to build one
together.
Students get organized into groups of two or three at their desks. Teacher 3, Teacher 1,
Teacher 4, and Teacher 2 pass out the foam boards with the motor, tape, and wires.
As students receive their supplies, they begin to build their fan-motor powered foam
boards for the flat maglev track. Teacher 1 explains the basic idea of how the maglev fan boards
are supposed to work, he provides each group with a model to look at, allowing them to replicate
the fan board or get creative in their own way.
Students asked the teachers technical questions about the assembly when they weren’t
sure of things, and teachers provided some guidance.
Students worked well as teams to construct their maglev fan boards, everyone was
engaged and excited about the task.
Minor problems arose with wires and tape, and students did their best to work through
them to make the product work.
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As they finished putting the maglev foam boards together, they would bring them to the
maglev track where Teacher 1 and Teacher 2 were applying the power to the track to test the
students fan boards. Sometimes the fan was too close to the foam which did not allow it to spin
and propel the board. Other times, it worked great until the tape came undone and the fan
stopped propelling the boards. Students assessed what was wrong with their creation, and they
quickly took it back to their desk to make some changes and improvements. The spring in their
step to go “back to the drawing board” to improve is an indicator that they were loving the
activity and excited to make it work better. When students made the board in such a way that it
propelled itself the whole length of the maglev track, then they were challenged to make extra
adjustments to improve it further.
Students were running back and forth from their desks to the maglev track, to the end of
the track and back to the start of the track. They loved the activity. They watched other groups
maglev fan boards perform on the track.
Teacher gathers the class back together.
Teacher 2: Ok, what did we learn?
Student: I learned about potential energy and kinetic energy.
Teacher 2: What’s the difference? What is potential energy?
Student: It’s energy that makes you move
Teacher 2: Right, that is kinetic energy, and it is related to how fast you go. What about
potential? Who knows what that is?
Student: It’s when you are ready to go down a hill.
Teacher 2: Exactly! It depends on your height. So, the higher up that I am, the more
potential that I have to go fast down the hill. Awesome! Now what about electrical energy?
Students don’t respond to question.
Teacher 2: Man, we really need crickets to show when you guys aren’t talking or
participating. So, when do we use electrical energy?
Student: When we are on flat ground.
Teacher 2: Right! When we are flat ground, because we wouldn’t move at all if we just
sit there, right? We put in energy to overcome the friction and we get kinetic energy out of it. So,
next week, when we build the bikes, we are going use the same type of idea. We are going to use
electrical energy to overcome the friction and help us move. Does that sound good? It makes it a
lot easier to ride a bike when you use electrical energy. Imagine that you have a huge fan on your
back; you would go a lot faster right? Same thing! What we are going to do is we are going to
put a motor on to our wheel, and have it move. So, what I have done is I have built a little circuit
that kind of looks like a bike. [Shows board with small bike tire and a gear on a motor that has a
“chain” attached to run the tire. Attaches battery to it and shows how it runs]. So, your bike will
have a little motor that will be powered by a battery, and it will turn the wheel. What you will
have on your bike is a throttle. If you have ever gone motorcycling, jet skiing, or four wheeling,
those have throttles that you turn to make it go faster, and it gives it more electrical energy to
overcome the friction faster. So, who is excited to build a bike?
[All students raised their hands]
Teacher 2: So, on Monday, we’ll come back to build bikes. We have more homework for
you, and if you bring it back, you’ll get a BIGGER candy! Because it will be a whole week that
you have to remember to bring your homework back.
Teacher 2: Before we go, are there any questions about power or energy?
Student: For a car or a motorcycle, aren’t they like gas-powered?
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Teacher 2: Yeah, so that’s called “chemical energy,” because what you do is you take the
chemicals from gasoline, and you ignite them, and they blow up in a controlled explosion, and
you use that to power the pistons, which moves the car. So basically, you are taking one form of
energy, and turning it into another. Sometimes there are electrical cars though. Have you ever
seen a Tesla or a Prius? Those use electrical energy, they use a BIG battery that powers the
whole car, and it runs completely off of electricity. Good question! Any others?
Student: So, earlier you said that potential energy kind of goes on height, so, can Teacher
1 run faster than you?
Teacher 2: No, not quite. He does have a little more potential energy, but it is measured
from what is called a center of gravity which means the middle of the body. So, Teacher 1’s
center of gravity, even though he is taller than me, not that much higher.
Teacher 1: But I can run faster than Teacher 2 because I have longer legs.
Teacher 2: Yeah, but that is different reason! Not because he has more potential energy.
He could maybe beat me down a hill. But that is just because he rolls faster than I do.
[Students laugh]
[Collects the Maglev Boards and regroups the students back at their seats]
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APPENDIX C.

DAY 3 – BUILDING THE ELECTRIC BIKES

This observation took place in the 6th grade treatment classroom on March 18, 2019, from 9:00 –
10:30 am.
Only girls turned in their homework from Day 2- Power and Energy.
Teacher 1: So, these guys have told you what has happening right? Basically, by the end
of today, we should have 6 working electric bikes! It’s exciting! And then, 6 of you at a time will
check out the bike and ride it, take it home, and maybe even ride it to and from school. If you
ride it to and from school, you’ll put your name in a jar. The more times you ride, then the more
times you will get to put your name in the jar. Then when we’re done, in a month after riding the
bike to and from school during that time, we will draw one name from the jar, and you will keep
the bike. Man, none of you guys are excited or cheering!
[Students clap and cheer]
Teacher 1: Maybe you can put an extra name in there for cheering, and the bike will end
up helping pay for your brother or sister’s mission. Alright, so you’re going to get into 6 groups,
there are 30 of you, so we will do 6 groups with 5 in each group.
[Students get organized into 6 groups]
[Teacher 1 has the students push the desks and chairs to the sides of the room so that the
room is open in the middle. The six bikes to be built are placed in two lines with three bikes in
each line, and each group gathers near a bike]
Teacher 2: Alright everybody! Hands up if you can hear me! So, in your group of 5, what
we are going to is… the left side of the room is going to start working on replacing the front
wheel. So, remember how we talked last week about how we need kinetic energy to overcome a
hill and in order to overcome friction? We are going to put a motor on this front wheel. We will
pop the front wheel off and replace it with this one [holds a wheel with a motor] and start
running the wiring on the right side of the bike. The groups on the right side of the room will
work on the throttle. So, you will have to take off the grip on the handle, work as a team to pull
at the handlebar and the grip handle to pull off the grip handle. When you pop that off, we will
put on the throttle and tighten it down, and that is how you make the bike go faster or slower.
Then, when you are done with your task, you will swap tools with a group on the other side of
the room and you will do the task you haven’t done yet (putting on the tire or putting on the
throttle).
Teacher 1: I have a question for a prize… who can tell me what kinetic energy is?
Student: It’s like energy that you create with movement.
Teacher 1: Thank you kind sir! [Teacher 2] mentioned the word throttle. Was that
confusing anybody? You were like, “ah, I don’t know what a throttle is.” Does anyone know
what a throttle is?
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Student: It’s like, when you pull it, it moves because it is giving it power, so you can
speed up or slow down.
Teacher 1: Nice! Who can tell me something they taught you last week?
Student comments on something basic, not very deep.
Teacher 1: Ok, that’s good. How about something academic, like a concept?
Student: Like potential energy, when something is at the top of a hill, it is just ready to be
used.
Teacher 1: Yes! Potential energy is energy that is waiting to be used. Way to go! Any
other things that you thought was cool?
Student: Simple machines, like levers and pulleys, and gears. 7:10
Teacher 1: Nice! What simple machines did they teach you about that you didn’t know of
before they taught you?
Student: A pulley
Teacher 1: What kind of mechanical advantage does that give you?
Student: Uh, you can lift up heavy things with a pulley.
Teacher 1: Ok.
Student: I didn’t really know about a lever before.
Teacher 1: What is a lever used for?
Student: Uh, it helps with lifting something really heavy.
Teacher 1: How are they doing [Teacher 2]?
Teacher 2: They are doing good! Who did you guys lift up off the ground last week?
Student: [Teacher 4] … I think…
Teacher 1: Nice! Last one…
Student: With two pulleys, it is easier to lift something heavy.
Teacher 1: Ok.
Teacher 3: Alright, when we give you the wheels with the motor on them, before you
start tearing them apart and putting them on, notice that there is a little plastic bag connected to
all the wheels. Those are the parts for your throttle, so don’t lose it, ok, just pull it off and set it
aside while you put your wheel on, because you need those.
Student: Wait, are we going to put a motor on the back of it?
Teacher 1: That’s a good question. The motor is just going to go on the front of the bike.
And it is not a hand-brake bike, these bikes are beach cruisers, so you brake by pedaling
backwards which stops the back wheel, so you are safe that way. And it is a button-throttle, so if
you keep holding down the throttle, like you are burning out the front tire with the brake
engaged… that would be good. So, it might take some skills to figure out how to do it.
Teacher 3: So, a safety feature that these bikes have, because the motor is on the front,
like you said, it could be hard to stop if it keeps going, right? These motors won’t work if you
just sit there and push the motors while you are stopped, you have to start pedaling before the
motor will kick in. You have to be going like two or three miles per hour before it will start. It’s
a safety feature so that it doesn’t keep going.
Student: Can you stop pedaling and then just press the throttle?
Teacher 3: Once you are moving, you can just push the throttle.
Teacher 1: Well, we better go over that real quick. Maybe we should do that at the end
though.
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them.
bikes]

Teacher 3: Yeah, once we have the bikes put together, we will show you how to ride
Teacher 1: Yeah, we’ll show you how to do it once you’re all done.
[Teachers check for student understanding about what they are going to do with the

Six groups get to work, and the four teachers help the groups as needed. Students pull off
the handle grip so that the throttle can slide on. Others take off the front wheel so that the new
wheel with the motor can be installed. All students are excited to get busy working on the bike
assigned to them.
Some students were excited about working with the wires on the throttle because their
dads are either engineers or electricians.
Students discover that the new tire with the motor will not work because there is a little
metal part of the bike that gets in the path of the battery plugging into the motor. The part won’t
allow the battery to pass, and so [Teacher 2] teaches students how to use a hand tool hacksaw to
cut off the interfering piece of metal.
Students cut a little with the hacksaw and then switch to give someone else a chance to
use the hacksaw. Safety glasses were always used when the hacksaw is being used.
Students struggled to set the throttle in place on the handlebars. It would go on, but it
would turn and slide around the handlebar. Teacher 3 and Teacher 1 helped them to figure out
how to use the rubber seal that allows the throttle to fasten onto the handlebar tight. Before
becoming aware of the rubber seal, students attempted to use tape to make the throttle stay in
place.
Teachers gave the rules about wearing a helmet when you ride the bike. Bike locks were
given for each bike. Students were taught how to use the bike locks through the front wheel and
the frame and then through the bike rack. Teachers had students demonstrate in the classroom.
Teachers left a sign-up log for checking out the bikes to ride to home and back. All
students were given a parent permission slip to be able to ride the bikes.
Teachers taught students how to pull the battery out and plug it into the charger.
Teachers took students outside to show them how to ride the bikes.
Teacher 2: When you go to use your bike, you can’t just push the button on the throttle
and then it goes. You have to start pedaling and then the motor will start. This is called “pedal
assist” because it won’t do it all for you, you have to do a little bit, and then it helps you. You
turn it on with the big red button on the throttle, start pedaling, then hold the trigger, and the bike
will take you.
Class went outside for a demonstration. Teachers then demonstrate with a few pedal
strokes and then activating the throttle. Then they came back and instructed to let off the throttle
and pedal backwards to slow and stop the bike.
Some students are asked to demonstrate how to properly use the bikes.
Students were brought back to the classroom.
Teacher 1: Here is how the charging is going to go. If you check out the bike, you don’t
need to take the charger home. But if you come back and find that the battery is a little bit low,
then plug in the battery when you get to school. If you check out a bike on a Thursday or a
Friday over a weekend, then you need to take a charger home and bring the battery charged on
Monday.
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APPENDIX D.

DAY 4 – HEALTHY LIVING

This observation took place in the 6th grade treatment classroom on March 20, 2019, from 2:00 –
3:00 pm.
Students were given a quick survey to fill out. All students were quietly working on their
survey.
Teacher organizes the students into groups of five. Passes out old magazines to all
students.
Students got a little out of control and [Classroom Teacher] had to call their attention to
quiet them down for Teacher 1 and Teacher 2.
Teacher 1: Ok, so in your groups, I will give you two minutes to look through your
magazines and rip out pictures that you think would represent healthy living.
Students get noisy and busy flipping through magazines and ripping out pages.
Teacher 1: So now, you have picked out some pictures to describe healthy living. Now
we are going to go around and show one or two from each group.
Student shows an exercise machine.
Teacher 1: Ok, why is that healthy?
Student: Because you can get good exercise on a machine.
Teacher 1 collects the picture and puts it on the whiteboard to form the beginning of a
collage.
Teacher 1: Ok, let’s have one more from this group.
Student shows a picture of a boy riding a bike.
Teacher 1: Why is this healthy?
Student: Because he rides his bike around.
Other students show pictures of bikes that they found in their magazines, and Teacher 1
collects them.
Student shows a picture of model beach/gym bodies.
Teacher 1: Oh! Why is that healthy?
Student: Because he has a six-pack! And they eat healthy food.
Student shows a pillow and explains that it is for good sleep.
Student shows more physical activity and says it is important to be active.
Student points out that the magazine he has does not contain anything healthy because it
only has alcohol, cupcakes, and girls in swimsuits.
Student shows a picture of vegetables like carrots and things like that for healthy eating.
Pictures of fruits and veggies, people running, drinking water, etc. is found by the
students.
Teacher 1 points out the collage of pictures on the whiteboard and shows how all of these
things are great healthy things.
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Teacher 1: But did you guys know that being healthy is not just this [motions to the
collage]. You can look like the people here, but not be completely healthy at the same time.
There is a lot more to being healthy than just making sure that you eat strawberries all the time or
do arm exercises. So, that is what we are going to talk about today.
Teacher 1 shows on a PowerPoint the wellness wheel.
Teacher 1: So, we want to show you that being healthy is a lot more than just having nice
abs or eating healthy. [Teacher 2] is going to show us the first part of the wellness wheel.
Teacher 2: The first one is “Physical,” so it is all about exercising and eating well, so a lot
of you found good pictures already that fit in this category. What happens if we eat healthy and
exercise?
Student: If we eat healthy and exercise, then you can be happy.
Teacher 2: Yeah! When you exercise, you have chemicals running through your body
that make you feel happy. Then the system in your body can feel better because you have energy
to do other things.
Teacher 1: The next piece of the wellness wheel is… can any of you guess based on this
picture?
Students attempt to guess, some are close. It is “Spiritual.”
Teacher 1: I’m going to give you 30 seconds to go through your magazine and look for
pictures that are spiritually healthy.
Students get busy finding pictures.
Teacher 1: Did you guys have any success finding some things that are “Spiritual?”
Students indicate that they did.
Teacher 1: It doesn’t necessarily mean religion, it could be kindness, building
relationships with others, you help others.
Teacher 3: I just want to point out in this picture [holds one up from his magazine], this
girl is pondering and meditating.
Teacher 1: Meditation! Good! In your groups, I need you to keep these in piles because
we need to put all the pieces together.
Student: What do you have to do to meditate?
Teacher 2: You can just look at the trees (or anything) and think. You can even close
your eyes and think.
Next on the wellness wheel, they showed a picture of a green leaf. Students thought it
represented plant health, eating healthy, etc. It represented “Environmental Health/Wellness.”
Teacher 2: What do you think we can do to be environmentally healthy?
Student: Recycle
Student: Picking up trash off the beach.
Teacher 2: Ok, can you guys find pictures of environmental health in your magazines?
Students search within their magazines again. They get noisy, [Classroom Teacher] has to
redirect their attention and behavior.
Teacher 2: Ok, what ideas did you find?
Student shows a picture of bread.
Teacher 2: How is bread environmental? How does it help you to help the environment?
Students didn’t give much of a response.
Teacher 2: What are some other things that we can do to help the environment?
Student: Plant a tree and water it.
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Teacher 2: Yeah, you can help the earth to grow more plant life and provide more oxygen
for the earth.
Student: You can go to the park and clean your surroundings.
Teacher 2: Yeah! What do you think about cleaning your room?
Smiling students shake their heads.
Teacher 2: If you clean your room, and take out all the trash in the house, that is also
environmental.
Student: This picture is of a girl out on a walk and being an environmentalist.
Teacher 2: You can go out and walk in among plants and nature and enjoy the
environment.
Student: This one is a mountain and a lake, and there are trees.
Teacher 2: So, if we take care of our surroundings like trails and trees in the mountains,
then places because more beautiful for us to enjoy.
Teacher 3: Is dirty air and dirty water a part of the environment that we need to keep
clean?
Teacher 2: Yes, definitely.
Teacher 3: So, you can get infections, lung infections, and dirty air if we are driving too
much?
Teacher 1: What could you guys do instead of drive everywhere?
Students: Walk! Scooters! Ride bikes! Motorized scooters!
Teacher 1: Ok, next on the wellness wheel is “Academic.” Do you guys enjoy learning?
Do you enjoy coming to class? Do you enjoy asking questions?
[Classroom Teacher]: They all love that!
Students laugh.
Teacher 1: Well, one day you are going to love it… maybe. But it doesn’t have to do with
just school. Do you enjoy going out and exploring or adventuring, like going on hikes and trying
to find cool stuff? Do you like exploring other places? Like the internet and online shopping?
Now find something academic in your magazines. Take about 30 seconds.
Students search in their magazines for academic things.
Teacher 1: Who wants to share an academic thing?
Student: This is a picture of someone listening to podcasts.
Teacher 1: Do you guys listen to podcasts?
Student: Sometimes.
Teacher 1: I love it! That’s a good one! Any others?
Student: Um, this guy is learning something, and he is making like a graph.
Teacher 1: Wow! That was a good one too!
Student: I found one with teachers on it.
Teacher 1: Do we love our teachers?
All students: Yeah!
Teacher 3: [Teacher 2] and [Teacher 1] are in my class at BYU, and they love it!
Student: I have a picture of a person teaching someone how to throw a baseball.
Teacher 1: I love it! See, it doesn’t have to be just “school” for academic health, it can be
learning new things! Thank you!
Student: Um, well, this picture is for little kids to learn how to eat ducks…
Teacher 1: Ok, that is very abstract… Ok, the next one is financial health.
Teacher 2: How can we be more financially healthy?
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Student: Put money in the bank.
Teacher 2: Yeah, that is a good idea! What else?
Student: Plan your money to take good care of yourself.
Student: Buy things that you need, not what you want.
Student: Save up for Lamborghinis and Jets.
Teacher 1: Ok, next is “Social.” A huge part of being healthy is that you have good
relationships with other people. Are you guys all friends? Do you have friends?
Students: [jokingly] No!
Teacher 1: Ok, we’ll have another lesson another day on how to make friends. Something
really important for a healthy life is knowing how to communicate well. Are we communicating
well with our friends? Are we kind with our family members, our teachers, and everyone around
us? We want friends, we want to have good relationships. That is super big! Does anyone have
an idea about how we can be healthy socially?
Student: Um, don’t like, say mean things.
Student: Say nice things to people.
Class was noisy and messing around, it was hard to hear what participating students were
sharing.
Teacher 1: Ok guys, last one! This is “Emotional Health.”
Teacher 2: So how can we take care of all our emotions?
Class was still distracted and disruptive. Teacher 1 called on someone to answer from a
certain table.
Student: Be nice to people.
Teacher 1: Anyone else? How can we help our emotions to be healthy?
Teacher 2: How can we manage our anger? How can we manage when we are happy?
Student: We can do something that we love.
Student: Take care of your emotions.
Teacher 2: How you be more healthy in your emotions?
Student: We can try new things.
Teacher 2: What kind of things?
Student: Work.
Student: Don’t be really mad.
Teacher 2: So how can you not be really mad? When you really want to fight someone…
So, there are a few things that we can do to take care of our emotions. We can accept that we are
angry and that we are happy, but don’t try to express it in a loud and extreme way. We can learn
ways to become more self-conscious of our emotions.
Teacher 1: At the beginning of the lesson, you guys found magazine pictures that only
described the physical part of health and wellness. Do you think that if you focus on your
physical health you will be balanced all the way across the wheel?
Students: No.
Teacher 1: No, you need some of everything, right? If you focus on getting abs, then
maybe you won’t save money. So, the important thing about health and wellness is to find a
balance in all areas of health. Teacher 3 is going to tell us a little bit about balance, and how it
relates to the wheel.
Teacher 3: Alright, did you guys have fun ripping up magazines?
Students: Yeah!
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Teacher 3: Hopefully what you learned from that is that health has a lot more aspects like
emotions and the environment other than physical health and eating healthy, even though those
are very important parts, right? So, I took this bike wheel off [student’s] friend’s bike. [Pointing
to student] spin this wheel for me, please. Ok, can you see that as this wheel spins, it wobbles
slightly? You don’t notice it much right now, but if I put this back on the bike, and rode it
around, what do you think would happen?
Student: It will wobble.
Teacher 3: Yeah, it wobbles, and you will notice it as you are riding down the road. Have
your parents ever taken the car into the mechanic to get the tires rotated? Yeah, so when a wheel
is out of balance, it will wobble back and forth. So, then what you have to do, it is really kind of
annoying, you have to use these tools [shows some bike tools] and you have to spin these spokes
and true the wheel. It is tedious, it takes forever, and you can almost never get it right. It is hard
to do. So, when a wheel gets out of balance, it is almost un-rideable. Seriously, when that bike
wheel gets out of balance, and that happens on that bike sometimes, when spokes break or
something, and it gets out of balance, because this hub right here is held in place by all these
spokes that have tension on them, and then when one breaks, it is out of balance and it wobbles.
Honestly, I probably can’t even ride that home [shows his bike in the classroom, lifts it up and
spins the wheel to show the wobble with a squeaky sound] isn’t that an awful sound? This is a
little bit like healthy living. Your life needs to be in balance just like a wheel needs to be in
balance. So, if you focus too much of your time on this spoke here (and we’ll call this your
physical health), like you spend too much time working out, or spend too much time focusing on
your diet, and not enough time on your emotional health, then your wheel is going to be out of
balance. If you get older and spend all your time thinking about money, and you spend none of
your time in these other dimensions of your life, then your wheel is out of balance. And like I
said, you can’t ride a bike even a mile because the wheel is out of balance and it wobbles so bad,
and it literally just shakes.
Student: What if I am a buff billionaire?
Teacher 3: Then you have two of those dimensions covered and figured out. But what
happens is a lot of times, people will get sad because they don’t have friends and they don’t
know how to deal with their emotions. You have all seen a basketball game, you are all pumped
up for March Madness, right? You see basketball players lose their cool, they throw a temper
tantrum and they get kicked out of the game, and then they lose… So, we want to keep our wheel
and our health in balance, and healthy living includes all of those areas that we just talked about.
So, the same way that you have to true a wheel, we have to true our lives and keep them in
balance. And all of those things contribute to your health, even though we only talk about being
buff and eating healthy diets. That’s all that a lot of people talk about, and we need to start
talking about all of these other areas that we are forgetting. This is a big part of the rest of your
life, and you are going to spend the rest of your life learning, and that is an important part of
being healthy.
Teacher 2: Do you guys see how biking can relate to all of the parts of the wellness
wheel?
Student explains how each part of wellness is important for a balanced and healthy life.
Teacher 2: So, in the beginning, you all focused on being strong and physical as being
healthy. But that is just on the physical part of health and wellness, but how does biking relate to
the other parts?
Student: If everything is balanced, you will go straight.
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Teacher 2: Yeah, you will go straight. So, you also have to focus on the “spiritual” by
finding the purpose of life. So, if you ride bikes, it will be contributing to the environment
because you create less pollution when riding a bike.
Student: You don’t have to buy gas when you ride a bike.
Teacher 2: Yeah, so you save gas when you ride a bike.
Student: Biking is a physical thing, and if you do it way too much than that can be a bad
thing.
Teacher 2: What about the “social” part?
Student: You can make friends when you go biking with them.
Student: I was thinking about the “education” part, you can learn how to ride a bike.
Teacher 2: And you guys learned how to build electric bikes too!
Teacher 1: We are so excited that you guys are going to ride these electric bikes, and we
know that riding bikes applies to all of these things, and it is super awesome that you are doing
it! So, we have some water bottles for you, because what do you need to do when you ride a
bike?
All students: Drink water!
Teachers pass out water bottles with electrolyte drink packets. Then teachers have
students finish with a survey about what they learned during the lesson to assess their knowledge
growth.
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APPENDIX E.

DAY 5 – SAFETY

This observation took place in the 6th grade treatment classroom on March 22, 2019, from 2:00 –
3:00 pm.
Teachers reviewed the parts of health and wellness in the wellness wheel with the
students.
Teacher 1 set up BYU iClickers in the classroom so that students could respond to
questions in the presentation with a clicker. Practiced some clicker questions so that students
could see how it works.
Teachers presented the following questions:
(This was the criteria for answering: Yes, Most of the Time, Sometimes, Not Really, NoNot At All)
1.
I know what traffic signs are, and I know how to use them.
2.
I plan to always follow those traffic signs.
3.
It is important to me to follow traffic signs.
4.
(Funny sign is shown, and students choose options about what it might
mean) The sign was “No motor vehicles” from the UK.
Teachers then stopped the questions to talk about basic street signs such as “Stop,”
“Yield,” etc.
Student explained that yield means to slow down and be careful.
“Wrong Way” sign is shown, and students shout the meaning.
“Speed Limit” sign is shown, and students say that it tells you how fast you should go in
the area.
“Construction” signs were shown, and teachers talk about caution around construction
areas.
Red, yellow, and green traffic lights were shown and discussed.
Repeat iClicker questions:
5. I know what traffic signs are and I know how to use them.
6. It is important to me to follow traffic signs.
7. I plan to always follow traffic signs.
8. Fun question: What would you choose to travel in for the rest of your life: horse
and buggy, bike, car, etc.
9. I know what hand signals and I know how to use them on my bike.
10. It is important to me to use hand signals when I bike.
11. I plan to always use hand signals while I’m biking.
Teacher 2: So, what are hand signals? Why do you need to use them?
Student: So that cars can see the bikers on the street and not hit them.
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Teacher 2: Exactly! We want everyone in front and behind us to see what we are doing
and where we are going.
Teachers show the biking traffic signals and have the students practice making the
signals. Teachers explained other ways to make the signals and ways to remember the meaning
of each signal. Students asked about ways to make the signals, and the teachers responded to
their questions and helped them to understand the why, like make the signal big so that people
driving cars will notice the biker making the signal.
Teachers organized a game of “Simon Says” with the bike signals to have the students
engage and practice making each signal. All students were really engaged and trying hard to
keep up with the signals and the game.
Teachers present more iClicker questions:
12. I plan to always use hand signals while I’m biking.
Students were really chatty after quickly answering the question, so they couldn’t hear
the teachers very well.
13. I know what bike helmets are, and I know how to use them.
14. It is important to me to wear a helmet.
Teacher 2: So, everything is about being safe. Why do we need to wear helmets?
Student: So that we don’t hurt our heads if we have an accident when we are biking.
Teacher 2: Yeah, hurting your head can bring very serious consequences.
Teachers then provided students with stickers so that they could decorate their water
bottles (as an incentive for them to use their water bottles). The teachers had the students take
extra stickers that they could use on their helmets that they would be receiving at the end of the
project.
Teachers then demonstrated how to wear and adjust a helmet for riding a bike. They used
the “eye-test” and the “ear-test” to show how the helmet should fit on the head (so that both are
uncovered, but the helmet fits snug). They showed how to adjust the straps. Students
demonstrated how to properly fit the helmet to the head.
Teachers showed some pictures of different helmets and asked students to indicate which
helmet they would use when riding a bike. The had a bike helmet, motocross helmet, a skihelmet, and a construction helmet (hard hat).
15. I know what bike helmets are, and I know how to wear them.
16. It is important to me to wear a helmet.
17. I am excited to ride my bike to school.
Students responded using the iClickers.
Teachers gave a small homework assignment to bring back next time for a treat.
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APPENDIX F.

DAY 6 – CIVIL ENGINEERING & CITY PLANNING

This observation took place in the 6th grade treatment classroom on March 25, 2019, from 9:15 –
10:15 am.
Teacher 1: How are you guys liking the bike activity so far?
Students: Good! We love it! It’s awesome!
Teacher 1: Excellent! That’s fun! I like biking, so I am excited to help out with this! So,
I’m going to help you out with the Civil Engineering side of the project. So, what we do as Civil
Engineers is we do city planning. So, we help make the roads and transportation; anytime you
ever get somewhere, you made it there because of Civil Engineering. We do water and we do all
sorts of different things. One of the cool things that we get to do is biking. So today, what I am
going to help you do is plan how to do biking in a city. Let me show you a video about why we
need to plan for biking in our cities.
Shows the video of a montage of biking traffic accidents (to demonstrate poor city
planning and the need for good city planning). Students are engaged and react with humor and
surprise to the video for the accidents that they saw.
Teacher 1: Who here has biked to school so far? (Most of the students raise their hands)
What do you guys think? Do you like it? Do you feel kind of scared biking? (All students who
have been participating in the biking say that they like it). Today I want to teach you about
different bike lanes that help us bike on streets with cars, and the last thing I want to talk to you
about is a Complete Street. This is the idea that everyone comfortably has their own lane. Now,
in Mapleton, all we really have is lanes for cars, which is nice if you are going to drive a car, but
it is not nice if you want to ride a bike. What we want you guys to do is to learn about it and then
create a presentation to the mayor about why we need bike lanes in Mapleton. We will go ahead
and have a little review about the different kinds of streets and lanes. You can kind of see in this
picture (referring to picture of Complete Street) that everything is kind of separated into its own
lane. In Mapleton, we only have these lanes (two-way traffic lanes) so what we want to do is add
a biking lane. There are a lot of different kinds of biking lanes, and we are going to go over a few
of them to see what they are. What we want to do is to create a protected bike lane. What do you
guys think about when you hear the word protected?
Student: Safe.
Teacher 1: Yes! I like that! We want you guys to be safe when you are biking. I like
biking and I know a lot of you like biking, but biking is not a lot of fun when you are afraid to go
biking. So, when we create bike lanes, we create a safe place for all of us to ride. There are a few
different ones: sign marked, shared lanes, on-street, on-street buffered, and I’ll show some
pictures in a second so that you can see what these look like.
Students were organized into their six groups with which they previously built the bikes.
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Teacher 1: Ok, now we are going to go over some different types of bike lanes, and then
we will go outside and make the bike lanes with chalk so that you can visualize what the lanes
would look like.
Shows a picture of a “sign marked” bike lane.
Teacher 1: So, this is a “sign only bike lane,” for someone driving a car, this is really
easy to miss, (they might not notice it). So, these are not really what we want even though they
exist.
Shows a picture of a “shared lane” bike lane.
Teacher 1: This one is a little easier to use. So, I live in Provo, and they have these shared
lanes in Provo. So, when you drive down the street, you will notice the painted biker in the street
in different spots which tells you that a biker could use the lane too. So, drivers have to be aware
of these signs because bikers can use the car lane in these areas because there is no room on the
side of the road for the bikers. Personally, I don’t really like this, and I imagine that you
wouldn’t like it either. But it is a good start to making the road safer for bikers by making drivers
aware of bikers on the road.
Shows a picture of an “on-street” bike lane.
Teacher 1: This picture is actually here in Mapleton. You can see that there is an extra
line painted on the side of the road so that bikers can bike on the side of the road. Have any of
you used a bike lane like this before? (Several students raise their hands). What do you guys
think of it? Do you like it? (Students nod their heads). Yeah! I like it too! I think it is a safer way
for bikers to use the road. But we want something a little better that offers a little more space for
bikers.
Shows a picture of a “buffered/protected lane.”
Teacher 1: (points to the concrete barrier between street lanes and bike lane) This is
called a buffer. It provides about three feet of protection for bikers. So which bike lane would
you want to have out of all of the bike lanes? (All students indicate that they would like the
protected bike lane) Yeah! What about this one? What do you guys like about this one?
Student: There is a barrier so that cars can stay in their lane and bikers can stay in their
lane.
Teacher 1: Yeah! Anyone one else?
Student: I like that there are trees in the buffer.
Teacher 1: Yeah, I think it is really cool when they put trees in the buffer because I like to
mountain bike and the trees kind of give a little nature feel to the bike ride so you don’t feel like
you are in the middle of a city.
Quickly reviews the bike lanes with the class, all students remembered the lanes well.
Teacher then assigns each group one of the bike lanes and provides each group with a
box of chalk and instructs the class to work together outside the classroom on the blacktop to
draw the bike lane that was assigned to each group.
Group 1→ Shared lane with biker guy in the middle
Groups 2 & 3 → On-Street Bike lane
Group 4 → On-Street Buffered
Groups 5 & 6 → Protected Bike Lane
Students went outside with their groups with their chalk and immediately began
collaborating with each other about how they would draw their bike lanes.
As students were working, they were all engaged, trying to find different colored chalk to
enhance their depictions of their assigned lane.
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One student asked if bike lanes are also intended for walking, which gave a teaching
opportunity to clarify the difference between sidewalks and bike lanes.
One group that drew the protected lane included trees in their drawing as they were
shown in class.
As students finished their drawings with their groups, they were invited to walk around
and see the drawings of different bikes lanes done by the other groups, and they were challenged
to identify which type of bike lanes they saw in each drawing. Most students quickly walked
through and admired each drawing identifying specific bike lanes.
Then the students were brought back into the classroom.
Teacher 1: Which one was your favorite?
Multiple students: The protected bike lane.
Teacher 1: Why did you like the protected bike lane?
Student: Because if cars hit the barrier or the buffer, then they won’t hit you.
Teacher 1: Yeah! It kind of gives bikers personal space, we want to feel like we can bike
safely all the time. Do you guys feel like we can do something like this in Mapleton?
Students: Yeah!
Teacher 1: Where would we do it?
Many students talk at the same time presenting their ideas of locations in Mapleton.
Teacher 1: Do you guys think that if you had a protected bike lane that you would ride a
bike to school?
Students: Yeah!
Teacher 1: Yeah, it would be a lot more likely. I like to bike to school anyways, but I
would feel safer if there were designated bike lanes and even protected ones. Does anyone ever
find those little thorns that get in your tire and pop it? Yeah, we have a common problem with
those thorns here in Mapleton. What do you think would be a good way to fix that?
Student: Clean up the road.
Student: Get thicker rubber for your tires.
Student: I feel like the bike lane should actually be cleaned and cleared of all the spikes
and thorns.
Student: Better roads.
Teacher 1: Well that is what we want to do. We want to come up with solutions and ways
to fix problems that we face with biking on the roads. So, we want to put together a plan for the
City Council so that they want to help us. So, let’s put a list of things together that Mapleton
needs for better bike lanes.
Student: I feel like the road needs to be cleared off so that there are no thorns and objects
in the lane.
Student: I like openings in the bike lane so that cars can park and so that they can get to
the buildings on the other side.
Teacher 1: Ok, access for cars, that’s good.
Student clarifies about the opening in the buffer for a car to cut across the bike lane.
Teacher 1: What about you [Classroom Teacher], what do you think?
[Classroom Teacher]: Well [Student] had a question about the bike lanes already here in
Mapleton, and he was wondering about what it would take to change the bike lanes to protected
bike lanes. Can they do that?
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Teacher 1: Yeah, that’s a great question! That is something that we can bring up in our
pitch, because that is what we want. A side fact is that they are kind of expensive and it is
something that we cannot have immediately, but it is something that we can work towards.
[Classroom Teacher]: I was on the City Council, and in Mapleton we have state walk
routes, and Mapleton is really good in some areas, but in other areas the sidewalk ends and kids
have to walk in the street or in a field, so there isn’t very much consistency throughout the City
of Mapleton.
Teacher 1: Yeah, it is really nice around the school, and then you go around the city park
and there is a really nice sidewalk in front of the park and then the sidewalk ends, and it has been
like that since I was a kid; so these are not new problems.
Teacher 1 shows a picture of an intersection at 1600 North in Mapleton which should a
buffered bike lane.
Teacher 1: We can show the City Council of Mapleton this picture because they have
done this here in Mapleton, and we can ask them to do this in other places.
Student: I went on Google Maps and I could see some of these bike lanes, but I noticed
that a lot of roads don’t have bike lanes or even signs for bikes.
Teacher 1: Yeah, this is a problem. Have any of you ever been walking on the sidewalk,
and then a biker came up behind you? (students nod their heads as they listen) Do any of you like
that? (students shake their heads) Yeah, I don’t like that either. That is why we need bike lanes
so that bikers can have a place to be too. This kind of goes back to when we talked about a
complete street where bikers have a place to bike, walkers have a place to walk, and drivers have
a place to drive.
Student: I have a question. When it is not on the main roads, do we need a bike lane on a
neighborhood road?
Teacher 1: We mainly want to focus on improving the main roads because they are more
busy and have more traffic. Cars and bikes on neighborhood roads are not as much of a problem.
The main roads get so much traffic because eventually everyone comes off the neighborhood
roads onto the main roads and they get really busy for bikers and cars, so we want it to be a safe
place for everyone.
Student: Sometimes I bike on the road, but I think I would bike on the road more if there
was a bike lane.
Teacher 1: Yeah, I think that it would be something that would benefit the whole
community (not just you guys). Your older siblings, younger siblings, parents, neighbors, etc. if
everyone had a spot to bike, I think Mapleton would be an even better place to live if it was safer
for bikers if we had bike lanes. It is really cool that you guys can help out with this! So, I am
going to give you guys some homework, I will be back in a couple of weeks. I want you guys to
bike, or walk, or drive, and pay attention as you go around Mapleton over the next couple of
weeks and identify some of the main roads that you take and come up with some ideas to
improve the roads that you travel on frequently. Bring your good ideas to bring to the City
Council. I want you to identify these things and then bring them back so that we can talk about
them in two weeks. Is everyone good with that? (all students nod their heads).
Teacher 1 passes out maps to all the students so they can take notes of certain roads that
they see.
Teacher 1: Next time when we share, I will also share what I have learned about the roads
here in Mapleton because I have also been biking and driving around Mapleton I have taken
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some notes on some things that I have seen, and we can compare the things that we learned about
the roads here.
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APPENDIX G.

DAY 7 – CIVIL ENGINEERING & CITY PLANNING

This observation took place in the 6th grade treatment classroom on April 11, 2019, from 9:30 –
10:30 am.
Teacher 1 had students pull out their homework about observing the biking and road
issues in Mapleton.
Teacher 1: Alright, did anyone find anything that they thought needs to be fixed or
improved?
Student: I think that the roads need to be wider to be able to have bike lanes.
Student: The roads need to be cleaner so that you don’t get thorns in your bike.
Student: Maybe we need more signs to help us cross the road.
Student: Some of the sidewalks need to be fixed and longer so that it is more smooth.
Student: Some of the bike lanes are really bumpy.
Student: There are potholes in some of the shoulders of the roads.
Student: The painted lines on the road are fading and getting harder to see.
As the students shared what they found in Mapleton over the past couple of weeks,
Teacher 1 wrote a list of their concerns on the whiteboard.
Teacher 1: So, I biked around Mapleton during the past two weeks two, and some of the
things that I noticed were that the roads definitely need to be wider, and we need more places to
cross the street. How many of you have had a scary experience trying to cross the road? (many
students raise their hands) Yeah, it is pretty scary, so we want to fix that so we can feel safe
crossing the road. So, what we want to do now is to help fix these roads. So, what do you think
are some good solutions to help fix the roads based on the issues that you brought up here?
(motions to the list on the white board)
Student: Ask the city to change some of these things.
Student: More bike-crossing intersections.
Teacher 1: Ok, just need to back-track a little bit. Next Friday, the Mayor of Mapleton
will be here in this classroom, and he is going to hear from you guys. You are going to put
together a presentation of solutions to fix these problems. So, we want to brainstorm ideas of
how these problems can be fixed so that we can clearly present solutions to him. So, I am going
to take the issues that you brought up and split them into different groups, and each of your
groups from last time will take one issue and come up with solutions for the issue and make a
presentation. Ok, for the first one, “widen the road,” why do you guys think we should do this?
Student: So that there is room for a bike lane.
Student: So that cars can have more room to drive, so they are not so close to the edge.
Student: The bike lanes are too small, so there is barely any room for us to ride.
Teacher 1: Ok, these are some good solutions and reasons for widening the road. What
about making the road and sidewalks cleaner? What solutions can you think of for this issue?
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Student: We could use a street sweeper.
Student: If you drop gum or wrappers, you should pick it up and throw it in the garbage.
Student: We could get some weed-killer and spray all the weeds.
Teacher 1: What about crosswalks? How do you think we can put more crosswalks in
Mapleton? What kind of crossing do you think would be best?
Student: We could add more traffic lights.
Student: I feel like we have a lot of traffic lights, so maybe if we just got the smaller
traffic lights so they don’t take up as much space (pedestrian sign with flashing lights prompted
by a button).
Student: We could put a sign up the road that warns drivers about crosswalks up ahead in
the road.
Student: Like the lines in the crosswalk in front of the school, we could mark other
crosswalks.
Teacher 1: I like what you guys said about putting in little signals for crosswalks, because
they can make street signs with flashing lights that signal to drivers that people are crossing the
street. So, I think that those are a really good thing, and you guys can mention this in your
presentation to the Mayor. What else needs to be fixed, or can be fixed?
Student: I just think that we would need a second lane for bikers, and enough room for
walkers and joggers so that there is room for everyone.
Teacher 1: Have any of you seen lots of bikers, walkers, and joggers? (All students nod)
Remember when we talked about the complete street? This would be a really good thing to
mention because this provides a spot and lane for everyone, so you don’t have to worry about
having to bike around someone or worry about people running into you. What about bad
sidewalks? How do you think we can fix those?
Student: Redo the sidewalks.
Student: It is kind of along the lines of finishing sidewalks, like one of the reasons why
we need to widen the road is so that we have more room for sidewalks.
Teacher 1: Do you guys know the sidewalk by the park, it kind of disappears when you
go south past the park? That has been that way since I was your age, it was quite a long time ago.
This would be something good to bring up because it has been a problem for a long time. And if
we give people a place to walk, then bikers will have more space to bike.
Teacher 1 then assigns one concern about the roads in Mapleton to each of the six groups
(the groups that worked together to build the bikes). Teacher 1 asked students to prepare a twoor three-minute speech on why each solution should be carried out.
Students then get into their groups and consider the concern that was assigned to them.
Group Assignments:
1- Safety
2- Complete Streets
3- Wider Roads
4- Street Crossing / Crosswalks
5- Sidewalks (more space for crosswalks)
6- Cleaning and Maintaining Roads
Teacher 1 gave the groups ten minutes to brainstorm and creatively make a PowerPoint
covering two parts: 1) What the problem is, and 2) the solution.
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Students eagerly got started in their groups. At least two students from each group picked
up a classroom laptop so they could make PowerPoint presentations. All students from some of
the groups had laptops so that they could all contribute on the shared PowerPoint.
Groups quickly made two or three slides right away to cover the problem and solution
assigned to them. A couple of groups brainstormed their plan on paper before they started
making the presentation on their laptops.
All students were involved and engaged in their groups, searching for images to enhance
their presentations. Within just a few minutes, some groups had really elaborate presentations
already started.
As time was passing and students were made aware of the few minutes they had left to
work on the presentations, students wanted more time because they were working really hard and
had great ideas forming. The students would be given more time in class to finish by [the
classroom teacher].
Group 6, who was assigned to present on cleaning the roads, was prompted by the teacher
to bring up specific weeds that commonly poke tires and make them flat.
Teacher 1 wrote his email on the whiteboard so that each group could share their
presentations with him so he could see them and compile them into one presentation for the
Mayor of Mapleton.
Teacher 1 had each group take a couple of minutes to practice presenting what they had
prepared so far:
Group 1- Safety
Student: The problem is streets are getting so busy with cars, bikes, walkers and joggers,
and it is dangerous for everyone. The solutions are that we can widen the streets, make more
complete sidewalks, make more crosswalks, and fix the sidewalks.
Group 2- Complete Streets
Student: So, we need bike lanes so that we can (all students in group pipe in together and
say:) SHARE THE ROAD! So, basically, we need to allow room for everyone on the road.
Student: On, some bike lanes, there is only enough room for one biker, so if you are with
a friend, you have to look back to talk to them, and that can be pretty dangerous.
Student: Then for bikers going opposite directions, we should have a lane on each side of
the street so that there is room for bikers going both directions.
Student: Also, if you are walking, you either mess up the bikers because they have to stop
for you or they have to go around you and into oncoming traffic which is very dangerous.
Group 3- Wider Roads
Student: Whenever you ride your bike on a bike lane, there is not enough space between
you and the cars, it is not very safe because the roads are not wide enough. We need more space;
818 people die each year from not having enough space on the roads. One of those could be one
of your loved ones. How would it feel to lose your child? But if we have a wider road, then you
can be safe while biking, and you don’t have to be scared while you are on the streets and you
don’t have to bike on the sidewalks anymore. Solutions! We can widen the road so that people
can be safe and so that the community can be safe. We would have enough space for walkers and
bikers.
Group 4- Street Crossing / Crosswalks
Student: Signs! We need them! We need more signs and lights because they help so
much! When riding bikes, we want to be more safe, and having signs and lights is the way to do
it. People could get really hurt when trying to cross the road because there isn’t any. Bike lanes
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and crosswalk signs. In many places, you might find types of road separators, and they have
plants in the middle, (kind of like a decoration). But what if we took the plants out and put them
on the side of the road, and then use the area where the plants were for a bike lane. We would
have no problem with adding a bike lane because they are already there. We just need to make
them a little bit more wider. We would just have to modify them a little. Also, we already have
these, but what if we added stop lights to pedestrian crossing signs so that when drivers approach
them, they know when to stop for pedestrians and bikers? Then they could cross the road without
any danger.
Group 5- Sidewalks
Student: Sidewalks are either too thin, too wide, or too short. They end in random places
and come back within inches of the road. They might have cracks and might have ditches next to
them. The solution is to repave the sidewalks with cement so that we can walk safely on them.
We would have much less injuries on the road if sidewalks were complete.
Student: There are bike lanes, but they are really small. So, we should make them bigger
so that we can bike safely on the road.
Group 6- Cleaning and Maintaining Roads
Student: We have pokey weeds that will pop the bike tires, and they make it so that we
can’t ride anymore, so we should clear them out of the way.
Student: If there were no potholes, it would be easier to ride bikes on the roads. Also,
people should take care of their trash.
Student: When we have garbage on the street, we can’t really ride our bikes and cars
can’t really drive. So, we should put trash cans on the corner of streets so that people can take
care of their trash.
Students sent their presentations to Teacher 1 so he could compile them and give
feedback, and he in turn shared the presentations with [the classroom teacher] so she could have
them practice their presentations in her class and to other classes so that they would be ready for
the Mayor in a week.
The students planned their presentations really well and made them look neat with
pictures to help visualize their points.
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APPENDIX H.

FOCUS GROUP INTERVIEW

The focus group interview took place in the 6th grade treatment classroom on April 12, 2019,
from 11:00 – 11:30 am.
1. Tell me what you learned about this electric bike learning experience.
Student 1: Simple machines.
Student 2: Wheels help you move things a lot better than pushing things. Also, I’ve
learned how to make an electric bike and how to get one working.
Student 3: I’ve learned about potential and kinetic energy.
Student 4: I’ve learned about the battery and the wires.
Student 5: I also learned about the battery and wires.
2. Do you remember the tall guy and the short guy that were with us like a month ago?
What did we talk about with them? One of the rotations was about power and energy.
Student 2: Ryan (BYU Student) was the pulley guy, and Jeff (BYU Student) did the
gears.
Student 1: Jeff taught us about how you go faster downhill, or you go fast on a flat
surface if you have electricity.
Student 3: Ryan (BYU Student) taught us that pulleys make it easier to lift things, and it
takes less energy.
Student 4: I was going to say the same thing.
Student 1: If you have more pulleys, it gets easier, but it takes longer.
Student 5: When energy is connected to the simple machine, then it can work faster.
Student 2: I learned about the kinetic energy how if you hold it in place, or basically, with
more mass, it builds up more kinetic energy and potential energy to move.
Student 4: I learned how to keep an egg safe (referring to a different lesson).
3. What did you think about engineering before we learned about simple machines,
power & energy and then building the electric bikes?
Student 1: I just thought that engineers build stuff.
Student 3: I just thought that they fix things to make them better.
Student 2: I just thought that engineers basically design and build new things and make
old things better.
Student 5: Engineers help people to tasks that would be hard, but they make it easier.
is that?

4. Before we did this activity, were you worried, scared, excited about this activity? Why
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Student 4: I thought it would be harder. I thought we were not going to do simple
machines, but the hard ones. But it was actually really fun, and I’m glad we got to do it.
Student 5: Yeah, I thought it would be more hard too, but it was really fun.
Student 3: I was just excited that we were able to build things and build a bike.
Student 1: I was excited that we got to build an E-bike. An electric bike.
Student 2: I was excited to win the drawing (drawing for one bike at the end of the
project), because I know that I am going to! I am pretty excited!
Teacher: Quick follow up question: Have you been trying the electric bikes?
Students: Yeah!
Student 4: I was going to take a bike home for Spring Break, but then I ended up going
on a trip.
Teacher: How did it work during Spring Break? Did you guys take turns, or did some
students have the bikes during the whole break?
Student 1: There were two people for each bike, and you just bring the bike to them
halfway through the break.
5. Now what do you think about engineering?
Student 4: At first, I didn’t think that I would like it, but now I think that is fun to build
things that you normally wouldn’t.
Student 1: I think now that engineers invent stuff and make it better.
Student 5: I think that engineers take something and then improve it.
Student 3: So, at first I thought that they just make old things better, but now I know that
they also invent stuff.
Student 2: Almost everything you see was made by engineers. They design and create
things to make them better. There are lots of different engineering things that you can do.
Teacher: Let me ask a follow up question with what was just brought up: What kinds of
things have you guys noticed that you see every day that you believe an engineer has helped
build or design?
Student 2: The air freshener.
Teacher: Explain how that helps us, how did an engineer make that so that we don’t have
to do much work?
Student 2: It keeps squirting Febreze, so we don’t have to keep squirting Febreze at
people.
Student 4: Cars are a big thing that engineers have made for us.
Teacher: In what ways do cars do work for us that we don’t have to do?
Student 4: If you want to go somewhere, it is more efficient to drive your car.
Teacher: Have you guys ever walked to your friend’s house? Sometimes they live far,
other times they live closer. Have your parents ever driven you to your friend’s house?
Student 4: Yeah, like if you were going on a trip somewhere, like, let’s say California,
and you don’t want to go on a flight, then a car is a really good way to do that.
Teacher: Any other things?
Student 1: A drinking fountain! It cleans the water so that it is not dirty, and we won’t get
sick.
Student 5: Bikes, because when you go in a car, it puts out gas that is bad to breath.
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6. Which days or activities got you the most excited? Simple machines, power & energy,
building the bikes, healthy living, safety, city planning, girl teachers, male teachers?
Student 1: The bikes! Building them and about to use them.
Student 5: Same thing!
Student 4: That was my first one, but for my second one, I would choose the bike signals,
because if we are going to bike on the street, we need to know the signals, so we can use them.
Student 2: Building the bike was really interesting and I thought it was cool.
Student 4: The hardest part of building the bikes was when we had to saw off that piece
of metal that was in the way of the battery.
Student 3: I liked the healthy living lesson because we got to find pictures and tear them
out of magazines.
7. If there are more classes like this, would you want to take a class like it? Why?
Student 4: Yeah, I think I would because it is a new experience, and it is good to learn if
you want to help people and do that career.
Student 3: I think I probably would. Before I probably wouldn’t, but now I know more
about engineering.
Student 1: I think I would because I think it would be easier when you are older to build
stuff and fix stuff. Then you know what you are doing.
Student 2: Yes, I definitely would take the class, this is awesome! This has been so
awesome!
Student 5: I probably would because then you would have more experience in the future
if you ever needed to use those skills.
Why?

8. Think back to 4th, 5th, and 6th grade, should there be more engineering activities?

Student 1: I think there should be so that we can know how to fix stuff and build stuff.
Student 4: I agree. I think we should have more engineering stuff in 4th and 5th grade
because it is always better to start stuff younger because you can memorize stuff better.
Student 2: I think if you start pretty young, and practice more, in the future you would
have more opportunities to build and fix stuff, so I think it would be a good thing to do.
Student 5: I agree with all of that.
Student 3: I agree with all of it too.
9. What do you want to be when you grow up? Did that idea change because of this
activity?
If you were a bit older, would you want to work in an engineering field?
Student 1: I want to be an engineer. I wanted to be an engineer before, but now I want to
even more.
Student 4: I am open to be an engineer, but if I had to choose, right now I really like
drawing, so I would want to be an animator for a company. I didn’t even think of being an
engineer before this because I didn’t think it would be fun. But once I did this experience, it
completely changed.
Student 2: I think being an engineer to almost anything would be cool. But I also think
that being a paleontologist, like studying dinosaur bones and digging them up would be cool.
And help find better ways to do that. I have always wanted to be a paleontologist, but I always
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thought that paleontologists would just go and dig and find something. But now I know that it
involves lots of engineering, and I kind of want to help be one of those engineers.
Student 3: I don’t really know what I want to be, but I think that being an engineer would
be really cool.
Student 5: I haven’t really decided yet, but engineering would definitely be an option for
me.
10. Think about one of your friends in the class. Did your friend’s attitudes toward
engineering change?
Student 3: One friend got super frustrated when we were building the Mag-Lev fan
boards, but now that she has had more experience, she is less frustrated.
Student 4: One of my friends I think was more against engineering, and then after they
did engineering, they were fine with it.
Student 2: I don’t really know how my friends felt about it, but I know that afterwards
they thought it was really cool because we were talking about it at recess. So, if they thought it
was a bad idea, they think it is a good idea now for sure.
Student 5: So, my friends never clearly said if they like it or hate it, but they were really
excited when we finished the bike and then when they tried riding the bike. So, I think they liked
it more in the end.
Student 1: My whole group that I built the bike with, they all wanted to use the bike, so
they got really excited about it.
11. How has your attitude towards engineering changed as we have done these
activities?
Student 2: I used to think that it would be interesting and a pretty good job, but now I
think that it would be an amazing job, it would be a really good career.
Student 3: I never really thought about engineering very much as something that I want to
do, but now that I know more about it, I really like it.
Student 4: I didn’t really know all of the possibilities about what engineers can do, I
thought they just build houses and cars, but there are way more types of engineers. I never
thought about it, and now I am thinking about it and I think it would be a good successful job to
do.
Student 1: I think it would be a really cool career to do, like to build stuff and invent
stuff.
Student 5: I just never thought of engineering or ever doing it, but now that I have done
it, I would definitely be open to it.
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APPENDIX I.

DAY 9 – PRESENTATION TO THE MAYOR

The presentation to the Mayor took place in the 6th grade treatment classroom on April 19, 2019,
from 9:30 – 10:00 am.
Group 1- Safety
Students brought up safety issues in Mapleton such as small and busy streets, lack of bike
lanes, dirty streets, potholes and bumps on roads, and incomplete sidewalks as well as bumpy
sidewalks.
The students then brought up some of the specific potential dangers of the safety issues
that they brought up and related them to bikers.
Next, they brought up some solutions such as making bike lanes, completing sidewalks,
adding more crosswalks, fixing potholes and bumpy sidewalks, making more signs to warn
traffic, widening the streets, and having less things on the sidewalk like mailboxes and trees.
Group 2- Complete Streets
Students explained that complete streets give space for cars, bikers, and pedestrians, and
allows all to be safer and more comfortable on the roads.
The issues that the students pointed out for Mapleton is that there are not enough bike
lanes in Mapleton, and the bike lanes that are present are not wide enough. Also, some places do
not have a complete sidewalk like Mapleton City Park.
The solutions that the students provided were to widen the bike lanes and repaint the
traffic lines and bike lane lines.
Group 3- Wider Roads
The students stated that the problem is that bikers don’t have enough space to safely bike
among cars. They shared a statistic of fatalities due to the issue of smaller roads, and they said
we would feel safer biking in Mapleton if the roads were wider. The students even brought up a
hypothetical situation of a biker dodging a car and going off the side of the road and picking up a
thorn in the tire.
Group 4- Street Crossing / Crosswalks
The students talked about the need for more crosswalks for kids to safely cross the street
as well as the signs as another indicator to drivers. Drivers are less likely to see a biker or
pedestrian crossing the road without crosswalks and signs. The students shared a statistic to show
how important crosswalks and signs are because of the fatalities they can help prevent.
Group 5- Sidewalks (more space for crosswalks)
The problems that the students stated were that sidewalks are too thin, too wide, or too
short, and they end at random places making incomplete sidewalks. They also mentioned the
danger of cracks in sidewalks.
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By way of solution, the students suggested that the sidewalks get repaved with cement,
and that the incomplete sidewalks become complete sidewalks.
The students brought up a statistic of popped bike tires on sidewalks because of cracks or
other things. They said that fixing the sidewalks would drastically decrease popped bike tires and
increase happiness.
Group 6- Cleaning and Maintaining Roads
Students brought up concerns for the thorns they find in their bikes that pop the tires,
potholes that are also dangerous for bikers and runners, and garbage that obstructs street and bike
lanes as well as sidewalks.
The students suggested that the streets and sidewalks get cleaned more frequently so
thorns don’t affect bikers, and they suggested that the city put some time and money into
repairing potholes and cracks, and lastly, they suggested that the city hold more community
service projects to clean up trash off the street and sidewalks.
Lastly, the students talked about pollution and how it affects plants and wildlife. The
students talked about bike lanes with a buffer of lush greenery (flowers, bushes, and trees) that
can improve the beauty and environment of the city as well as protect the bikers.
Conclusion to the presentation:
Geoff Wright: I just want to give you some background. We had about six different
students from BYU taught them some concepts about Engineering and Public Health, and they
did many activities with the students, including building electric bikes. These students have
riding the electric bikes for the past two months, and they have been analyzing the route that they
use to walk or bike to school. The point of this project was to expose the student to engineering
with an application for their community. I really want to compliment the students, I almost
wanted to cry! You did such a great job on your presentations! I was persuaded! Thank you for
your preparation and your professionalism.
Mayor’s Response to the Presentation:
Mayor: Yeah, that was awesome! Well done! It is apparent that you have spent a lot of
time working on this. I think you all pay more attention to the streets and the sidewalks now than
you ever did before. Do you notice a lot more things on the sidewalks and the roads? (all
students nod) That’s good because it will make you more aware as you ride on the sidewalks and
the roads now, and it will help you be safer. I like how one of you tied the “straighter/better
sidewalks to happiness” that was awesome!
I am impressed with the presentation that you have given, and I would be inclined to have
you come to the City Council to share this presentation. You have done a lot more study than
most adults that I have seen do on this subject. In the city, you have the opportunity to come and
speak about things that need to be improved, and you guys have done way more preparation than
most when they have an issue that they want to discuss, and you have brought up real concerns
that we can possibly mitigate by making changes in the city.
There are a lot of things that have to be done in conjunction with the changes you have
suggested. For example, Maple Street, when you come from town or ride your bike on Maple
Street, when you get to the school, you see that Maple Street gets a little narrow. A lot of you
that go east from here know that the sidewalks are hit and miss and that some telephone poles are
in the road. So, there are a lot of different things that have to happen to fix these things. In fact,
about three months ago, I gave the initiative to our city engineers to give us a full quote about
how much money it would take to fix Maple Street. The way it normally works is that someone
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develops land then the city puts the burden on the developer that is going to build homes or
different things to improve the road on their property.
From Maple Street and east, we live in a place that has been rural farming land for years
and years, since Mapleton City became a city. When you take an agricultural and farming city
that starts to get developed, these are the challenges that we deal with because the streets and
sidewalks are 50 years old, and they will crack, and tree roots grow under them, and you get
hazards. In farming communities, you get a lot of little roads, and sometimes they start out as dirt
roads. The roads were just big enough to get trackers and cows through. As the city grows, and
we get more people, then we need more infrastructure and everything you talked about on your
slides. What it takes to do this on a section like Maple Street (because a lot of you are probably
familiar with that) is that property needs to be purchased. If any of you live on this street, I may
have to come to you and say, “Hey in order to widen the road, I am going to have to take 25 feet
of your front yard.” Would any of you be ok with that? Maybe not, but maybe because you
would want to be safer on the road. So, there has to be education for everyone so that they know
exactly what you shared with me today. When they realize that we can make a safer sidewalk
and a safer street for their children and their grandchildren, they may be inclined to participate.
So, there is a lot that goes into it, and then the power poles are owned by a power entity
that runs power to most of Utah, and there would have to be another negotiation, a thing that has
to be settled with them. We have started the process on Maple Street, which I am actually really
excited about. The city now has a plan for Maple Street from the elementary school going west,
to make it like a downtown feel. The main intersection for commercial will get wider with
parking off to the side. There are conceptual plans to make it better. So, if we get a grocery store
and it becomes more commercial out there, then the road will be done right the first time. Does
that sound better? Build it right the first time so we don’t have to rebuild it? So, Mapleton City
has never been in a position to project what the city will look like at the end of when we get all
of the people living in the city that can actually fit. But now, we have a plan to do that. We have
a plan for everything that it will take. When you flush the toilet or turn the faucet on, we have
plans to make sure that it will always work for you when everyone that will move to Mapleton
has moved to Mapleton. All of that goes with the plans that you shared with me today.
So, it is pretty cool that you studied this and learned about this. I am going to take this
back to our city engineer because he is the one who makes plans and continues to make plans to
rebuild the streets and infrastructure. We spent the most amount of money in Mapleton City
history just last year on fixing roads. Did you know that? So, we are going to continue to do that.
I am searching for money in all different areas so that we can continue to do exactly what you
guys were talking about today. So, I commend you for your efforts on what you guys are doing,
and I am open to having a couple of you if you want to present this slideshow to the City
Council. Ms. Foster can work with you to decide how you want to do that. Thank you for
participating and being involved. It means a lot!
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